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RESUME 


"*^‘**‘ • » ' - - > •* s' 

In rodents, traditional animal handling and conventional animal housing 

produce psychosocial and anxiety stress with the induction of easily measurable 'V- 
physiological changes . One of the more serious is a reduction of immunocompetenceJ 
Thus, any environmental 'circumstance which generates either acute or chronic f ' 

stress in animals may compromise the data of otherwise carefully planned and * ^ 

. ..** . . - . - - o v 

executed experimentsThe findings of most relevance to biomedical research "VV 
requiring the use of rodents, are the data resulting from the re-examination of 
,common'laboratory procedures and animal housing, which cause important alter¬ 
ations in physiological and immunological parameters. These include the various %- 
'effects of cage population densities, proximity of males and females to each 
other, and the consequences of the use of wire-bottom cages . TJie overall data 

i v ... 

indicate the need for'a systematic re-evaluation of conventional animal housing 
and experimental techniques commonly employed in biomedical research • 
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. Project Personnel 
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Salary 
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50% 
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50% 
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25% 

REDACTED 

- 

- 


25% 

"- T+' - ■- ___ 




. * 

. ' 'Sub-Total 

i > v * 

46,500 

7,300 


- 

'Laboratory Personnel 

• 


** 3 

100% 

Laboratory Assistant 

10,000 

1.500 

- 

100% 

Biologist (Animal Studies) 

10,000 

1,500 


100% 

BiichemicaF-Assistant 

.10,000' 

\ .1,500 


. 100% 

Primate Biologist 

10,000 

1,500 

' 

- 50% 

Animal Care Technician 

4,000 

650 


50%- 

Statistician/Draftsman 

5,000 

750 

• 

' 25 % 

Secretary/Admin. Assistant)' 

2,500 

400 

\ 


Sub-Total 

51,500 

7,800 

* 


Total 

98,000 

15,100 



$98,000 Total Salaries 




- 

15,100 ' F/B' - ♦ 


— 

* 


$113,100 Total salaries + F/B 




10,900 

$124,000 

31,000 

$155,000> 


Supplies, etc. (See attachment) 
Total 

TURF Overhead' at 25% of Budget 
TOTAL FKOJECT BUDGET 




The budgets for successive years could be the same as this one, with appropriate 
cost-of-living increments. . 
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Budget 

AC* » 

V * * ‘ i ' * . 

• Supplies. •Instrumentation.Travel, 


Animals, Food and Bidding $5,000 

Miscellaneous Supplies * 1,200 

f - i _* 

Instrument Maintenance 1,800 

'Other Costs: Xerox, Telephone, 

* ••• - , %. n* , 

Publication-, ■ /- * 

? / * Laundry,-,etc* 1 900 

Travel (2 persons, 2 meetings) 2,000 

Total $10,900 


: - X. 


*» *. - » /-* • 

* A 

‘ ** * 





Miscellany 
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INTRODUCTION' AND BACKGROUND 

Prior.to the initiation of these studies, it was observed in our labor- ‘ "* 

atory,'and by others, that a number of uncontrolled environmental circumstances *'• 

- *'• * • - . * .!*’*. • . _!. 

and technical procedures produced physiological alterations in experimental * 

_ - ... 

and control animals, and that these uncontrolled stress-associated changes V'; ! 

interferred with, or distorted, various experimental parameters that cancer 
researchers, immunologists, and other investigators were*attempting to 

V - - •- s - - ~ ' . • - ■-•• 

jpeasure with accuracy. As a consequence, these findings provided disquieting 
evidence that the most carefully done studies using animal models, were subject 
to misinterpretation, or could yield erroneous data unless such, stress- „■ 

inducing environmental and animal-handling factors could be identified and 

, ^ •*% 

controlled, 

To partially remedy the experimental problems, certain modified animal , V'‘ 
handling procedures and animal housing have been established in our 
laboratories, which are how considered essential prerequisites for animal 
experimentation. These improved' techniques allow the investigator to 


. ■*> 
*W-‘- 


distinguish between truly quiescent and chronically stressed mice, as well 


’as to determine die authentic consequences of experimentally imposed 

stress ( 26, 28, 29, 39, 43).' 

•„ - .. . ^ 

Another experimental factor that is essential to the control and detection 

of inadvertent Stress is the elimination of the generally unrecognized LDH- 

virus contamination from experimental mice, tumors, and oncogenic virus 

* 

preparations (30-32, 36). In mice infected with this ubiquitously distributed 

* 

murine virus, changes occur in plasma corticosterone levels, the thymus, spleen, 
lymph nodes, macrophages, T cells and B cells, as well as functional components 
of various enzyme systems, 


© '.“‘St; 

fS: 

s-v* 

w.. 
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These'improved‘experimental conditions and procedures permit the use 

’ . ' * ; ’* . _ - - * 

of more reliable experimental designs for the detection' and quantitation 

of mild stress by facilitating accurate and sensitive measurements of a variety, 
of relevant par2meters(31a,34,39-41) * These include plasma corticosterone * * 

elevation CCSR ) r T cell and B cell depletion, adrenal hypertrophy, and 

weight loss of the thymus, spleen, and nodes. It has been confirmed, under ; ; - 

#* % * 

more reliable experimental conditions, that the previously observed 


stress-mediated physiological changes in mice, such as thymus involution, • J?• 

’ ‘ .. 

lymphocytopenia, fete,, quickly follow and are undoubtedly caused by the rapid 
and profound elevations of plasma corticosterone (7,25 ,29,31,34 ,36). 

One of the more important products of these basic protective techniques - 

has been an experimental documentation of the rapid and exquisitely sentitive 
physiological response of mice to the mild stress that is associated with 
conventional.housing-and animal handling procedures employed in most 
laboratories C25-26 ^29,39,41,43) # 

‘ In order tc carefully control the*intensity of experimentally induced 
* « ^ 

^ * 

stressful stimuli, a* simple device has been designed and tested for inducing 
• mild', non-traumatic anxiety-stress C31a ). The manifestations of suctT 
stress are quantitative, predictable, and readily reproducible. 

As a result of these technique developments, the specific hormonal and 
cellular changes which occur as a consequence of stress can now be studied 
with confidence. Of special relevance is the consequential ability to obtain • 
reproducible alterations of some neoplastic processes by either emotionally 
induced or chemically simulated stress. 
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The Biochemical Nature of Stress . - _-=_ 

. ..- .... 

Anxiety, or ether varieties of psychosocial stresses in experimental 

animals, produce a series of biochemical events that are mediated through the 

neuroendocrine system. These-biochemical responses have demonstrable destructive 

effects upon specific cells and tissues that,.are required for immunological 

defense, -As a consequence, the stress •compromised animal is less capable of -r.i ■ •* 

defending itself against cancer cells, infectious agents, and certain other 

* *-* * *V* * - - - -• . , . . ? 

>■ * f ; ‘ ■' ‘ * *- ■ ’ * * . * -*£.*•* , 

disease processes. Thus, uncontrolled stress factors are important components \ £2’^ 

. •* * ' • . '-- 7 * 

tote reckoned with "in designing and carrying out experiments. •*, 

Thereare, of course, many varieties of stress which may activate separate 

* - » 

physiological systems, either singly or as complexes. For purposes of simpli- . 

•* *■ 

fication in this report we shall restrict our discussion and data presentation. .• 

- V 

to the effects of uncomplicated anxiety involving emotionally aroused stress 

\ ♦ . — 
which'is associated with the activation of the adrenal cortex. . . 

A characteristic expression of such stress is an abrupt and dramatic .<• 

increase in circulating plasma glucocorticoids. In rodents, this is corticosterone; 

in man it is cortisol. Such stress-induced hormone elevations produce secondary 

■ i.» . „* • - ,i . . . ■ _ 

^ ■ *f ■' T - ** - . _ • *,.* 

stress effects involving I calls and thymic components, and thus elements of 
the immunological apparatus-<15,31a,44). Relevant metabolic and related biochemical 
alterations also occur through the Influences of increased- glucocorticoid 
action (47,51). 

Within the framework of this limited definition of stress, it is assumed 
that the adrenal medulla is either not significantly activated by mild stress, 
or does not greatly alter the effects of the adrenal cortex. However, activation 
of the adrenal medulla system occurs in rodents under more drastic stressful 
conditions where fear or rage is the inciter (2,16). 
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- The rationale of stress-induced or 6tress-mediated disease follows 
.logically from a series of known physiological events. Although, the overall 

biochemical phenomena associated with stress are complex and have many subtle 

* v * 

' ■* y*. 

consequences, the primary events relevant to disease processes appear to be 
straightforward', At least those involving the adrenal cortex, as depicted 
in the abbreviated pathway diagram of Figure 1. 

Critical experimental studies cannot be carried out with confidence using 
conventional animal housing facilities, since they are not suitable for the 

maintenance *of normal quiescent baseline values of stress-associated hormonal 

. . • . » 

* r 4 

and cellular elements that influence or control physiological and pathological 

purposes^ _We lmve therefore designed animal facilities which not only serve the 

- ♦ ~ 1 __ 9 * 

experimental needs of our physiological stress research, but in addition, provide 

safer facilities for working with infectious or allergenic agents. Prototypes 
of low-stress“animal facilities are shown in Figure 2. 

. ’From the standpoint o£ the low stress that is essential for carefully bio¬ 
logical research, these individually ventilated shelf units offer several 
* 

beneficial features* (26, 28-31). For example, the enclosed shelves provide 
* a'substantial amount of sound-proofing, which is of special significance 
since it has been established that animals are stressed by a wide variety of 
noises which stimulate immunologically adverse neuroendocrine reactions. 

Stressful noises and cage motion are prevalent in most conventional animal 
rooms, particularly where there are rolling metal racks, metal cages, radios, % 
shouting, frequent cage cleaning with rough handling, and other noisy and 
stressful operations. 

The most essential features required for protective low-stress animal 
housing are as follows: (.a) No recirculation of noxious air that has been in 
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Figure 1. Abridged diagram of the physiological pathways whereby anxiety 
stress signals are transmitted to the adrenal cortex, which responds • to 


produce an increased level of adrenal cortical hormone in the blood. 
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tfcCIGSlO f MUtrCft *£AOY . •KElVtC m OMA4TIO* WITH tltOiMG SHCLr AMO DOUiLt 

TO AlCltVl MOUSE CAGES COkO* COOS CARDS DOOR A All. THAU »£TWCEW 

CU.AM AMO VIRUS ROOMS 


Figure 2. Protective'animal facilities. Standard plastic cages are 
housed within enclosed, ventilated, sheive’s. Hinged plexiglas doors 

I _ 

seal the enclosed shelves, which permit filtered air to be drawn over 
the cages with a minimum of turbulence. Contaminated air is constantly 
,exhausted by negative pressure and is vented outside of the animal 
'area. These units protect the animals from uncontrolled stress- 
inducing noiBes, drafts, thermal and humidity fluctuations, odors, 
pheromones, and personnel activities. Note that the plexiglas doors 
. are hinged at the bottom. This permits the doors to fold down and tc 
hang vertically without hazard or obstruction when animal cages are 
being removed or replaced. Negative air pressure and spring action, of 
the hinges seals the doors when in the closed position. These units are 
built in four-foot sections, and are free-standing for end to end or 
back 'to back installation. 
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previous contact with the animals; (b) partial aound-proofing of storage 
shelves to protect the animals, from stressful noises; Cc) elimination of 
vibrations and. high-pitched sounds of centrifuges, vacuum cleaners, and 
heavy equipment; (d) elimination of drafts and air turbulence; (e) light 
control to stabilize circadian rhythms; (f) segregation of males and females 
— * with respect to transmissible odors, pheromones, and other signals; (d) segre¬ 
gation of experimental animals that are experiencing stress from normal or 
experimental' control animals; (h) introduction of special minimal-stress 
animal handling techniques and cage cleaning procedures; and (i) avoidance 
of drafty, uncomfortable and stressful wire-bottom cages. 
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(11 x 7 x 5 inches), containing about 2 cm'of San-I-Cel ground corncob beddings 
• were employed in all experiments unless otherwise indicated. In our experience, 
plastic cages are superior to metal cages in terms of* general insulation, 
resistance to temperature changes, cold conductivity, and* minimization-of 
sound as veil as thermal stress factors. Inasmuch as endocrine and various 
circadian effects are related to light and dark exposures, the plastic cages 
—' are also preferable over metal for controlling admittance of diffuse light to 
the animals. Standard 12-hour intervals of light and*dark were controlled by 
‘automatic clock-controlled switches. Temperature was maintained at 75"F (± 3). 

i - 


Housing . All animals, including both stock and experimental groups, except 
those in special environmental experiments, were protected“by a special 
barrier system consisting of ventilated enclosed shelves provided with filtered 
laminar air-flow vented outside of the building following contact with the 
mice and their released aerosols (26). When the doors of these facilities are 

. • t 

closed, each shelf becomes a separate, independent and isolated unit within a 
larger protected facility. The only cross-contamination that is theoretically 
possible would occur in those-cages that are "down-wind” from infected animals 
in the airflow of a given* shelf. However, by appropriate segregation, this 
possibility is readily avoided. 

Mouse Diet‘and Sanitation , the mouse diet consisted of Wayne Lab Blox 
p-.llets supplied through the cage-top food hopper unless otherwise indicated. 
This nutritionally complete diet was available to the mice ad libitum. Clean 
v*ter was av*il*blc through the use of pint glass bottles and stainless steel 
drinking tubes. High* standards of sanitation were employed in the routine 
changing and* sterilization of drinking bottles, tubes, and cages. Cages and* 
bedding were changed once a week with a minimum of animal disturbance. 
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Mice . Two C3H mouse aubstrains were employed In these studies: C3H/Bi, 

harboring from birth the milk-borne mammary tumor virus (MTV) f and C3H/He t 

derived from cesarean, foster-nursed animals and thus free of high titers of the 

milk-passaged virus. In certain experiments, BDF hybrid mice (C57BL/6 x DBA/2) 

vere used. All 1 mice were obtained from commercial breeders as veanlings 

weighing 18 to 22 grains. Upon arrival in our laboratory they vere randomly 
segregated into groups of ten, and housed in standard plastic holding cages. 

These cage groupings, or further subdivisions into smaller, or 

recombination into larger groups, vere maintained throughout the experimental 1 

periods. ,To minimize psychosocial stress, remixing of mice following their 

social equilibration-was avoided. Experiments were usually initiated-when 

the animals were 8 to 12 weeks of age, weighing 20' to 30 grams, and were 

fully quiescent and equilibrated in terms of acquired- transportation-induced 

stress. 

Experimental Groups . Mice used in a given experiment were from uniform 
groups in terms of age, weight, sex, strain, and origin. Mice were received 
from reliable commercial breeders in batches of 50 or 100, with their age 
range limited to about five'days. Upon receipt, the animals vere held in 
protective facilities for a'minimum of two weeks equilibration prior to use s 
usually longer. Any abnormal-appearing mice, or those departing from our 
velght and-other specifications, were discarded. The establishment of mouse 
social order equilibration is *of importance in maintaining animals under 
conditions of minimum stress in order to avoid elevated adrenocortical 
concentrations with their attending effects on the thymus, T cells, and 
immunological competence. 
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Tumor Implantation' and Measurements , The Gardner lymphosarcoma (6C3HZD) 
grows .as a solid,, tumor.mass when implanted subcutaneously Cs.c,*), The donor 
tumors were harvested aseptically and injected into recipient mice as a 20 to’ 

, j, , , H • 

50 percent suspension of. free cells and smalffragments of tumor tissue in 0.9 : 
percent NaCl solution C 29 5, In order to follow the tumor growth and regres¬ 
sion quantitatively, the tumor mas6 was measured in three dimensions by . 

calipers C 29 1# The 6C3HED lymphosarcoma has Been maintained in our labor- 

* 

atory for shout eight years by intermittent passage in C3H female mice, 

■ Elimination of a Common Tumor Contaminent , Without special processing, • ' 
most transplantable tumors carry the LDH-virus as a perpetual contamination (30-32)* 

w - 

Since the hazards that this virus may cause in the interpretation of data 

have been distussed and in some cases demonstrated (30-32), all'tumors 

utilized in these studies were processed to remove the LDH-virus* For certain 

i * * 

experimental purposes involving biological stress, the virus was intentionally 

• * 

reintroduced into specific mouse groups as appropriate. Such infected mice 
and- non-infected controls were housed and handled so as to avoid subsequent 
cross-contamination. Critical monitoring of our mice for absence of the virus 
in the controls was a standard procedure* 

Corticoid- Injections , Tluociiiolone acetoni.de (FCA) , a synthetic 
co-rticoid, was administered intraperitoneally (£«p«) as a freshly-prepared 
saline suspension. Because of limited solubility, the FCA is absorbed slowly 
to give a long-lasting effect from a single dose of 50 mg/kg. 
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: Assay for Plasma Corticosterone in Mice . A micto-fluorimetric assay vas 

• .• 

developed in our laboratories C 39 1, based on the procedure described by 

. p - .• m - . , - - 

Glick, et ai. (14 1. Our assay requires only 50 pi of plasma obtained^from 

individual mide by the non-harmful orbital bleeding procedure ( 27 )J 
repetitive assays were carried out on plasma samples pooled from several 
mice, depending upon individual experimental requirements, 

r v 

Amino Acid' Determinations. Analyses of free plasma and urine amino 


acids vere carried out on a Beckman Model 120 B amino acid analyzer modified 






to provide accelerated, semiautomatic runs of high sensitivity (42). Recently 

» r, • • . . 

i 

revised and improved methods of analysis vere employed (38), An improved 
sodium citrate_.buffer .system for basic amino acids allows the routine 
analysis of E-N-monomethyllysine along with all other basic amino acids. 

L. 

Lithium citrate buffers were used for the acidic and neutral amino acids. , j . * 


Organ Weights . The thymus weight responses of mice exposed to environ- ; 

« 

mental or experimental stress vere compered with those of appropriate control 
animals. The control mice were sham-injiected with saline in those experiments 
where treatment injections were given. At autopsy, the weights of the thymus, 
spleen, adrenals, and pooled inguinal.and axillary lymph nodes were determined’ 

* V>. 

for each animal. Similar measurements vere made following administration of 
synthetic cortic'oids, or of any other stress-inducing experimental procedure 
such as rotational-induced anxiety (29). 
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SECEHT experimental observations hade in our laboratory 




r ' * Corticosterone Elevation by Stress . Figure 3 illustrate* several relevant 
facts. First that an extremely slid "handling" stress is capable of inducing 



anxiety In mice which, in turn, produces an immediate and substantial increase In 

plasma corticosterone. The cluster of unconnected points at the 

bottom left hand comer of the chart are "normal", quiescent plasma corticosterone 

values of individual mice, obtained when a group of ten animals were removed from 

protective storage and all' ten bled by the rapid orbital bleeding technique within 

three and one-half minutes. This short time period is insufficient for the overt 

.’expression of any stress or anxiety to be manifested biochemically by an elevation 

of plasma corticosterone. However* when analogous cages of mice were similarly 

removed from protective storage, and one animal was captured and-bled every two or 

three minutes, so that the total elapsed handling time was about thirty minutes 

between the first and last animal captures, the ascending curve shows the rate 

at which corticosterone becomes elevated in the blood plasma of such mildly 

stressed animals, Similar results have been obtained from each of four 

different strains tested (BDF, BAT, C3H, and CBA)• 

* * > 

These experimental results further demonstrate the need for quiescent, 
protective housing facilities, and the necessity to enrolov soecial animal handlinz 
techniques in studies on biochemical and biological effects of stress. 
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Elatptd TJma At Each Bleeding - Minute* 


figure 3. Influence of normal laboratory manipulation upon the production 
of stress-induced 'corticosterone levels in normal mice. The cluster of 
unconnected' points at the unstressed level of corticosterone represents ten 
animals whose blood' samples were taken rapidly within a three and one-half 
minute period. The ascending curve shows the systematic increase in cortico¬ 
sterone with tine following removal of the mice from their storage shelf, 
followed by capturing individual animals in the cage and bleeding at periodic' 
intervals as indicated in the figure. This demonstrates the rapidity of 
physiological response to stress as measured by the corticosterone parameter. 
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Benign Stress Machine , . / . ' 

r 

Previous studies have demonstrated the need' for a simple, non-traumatic 

— - » 

and reproducible means for inducing controlled stress in experimental ~ ; 

' •• •••■ -v 

animals. Such stress should be produced without activating other hormonal 
systems, significantly altering the metabolism of the host, or changing 
caloric intake. Figure 4 shows a simple stress-inducing device that provides 
a controlled quantitative form of stress which is readily reproducible, and 


lends itself to automation with a wide variety of intermittent stress/rest 


♦ r,- 


programming. This machine is a modified' phonograph turntable that has the 

four standard speeds of 16, 33, 45, and 78 rpm. The instrument has been designed 

so that an entire cage of animals can be placed on the machine for rotation 

without changing the established arrangement of their living facilities. With 

this device it is not necessary to alter the availability of their food and 
\ * 

• * 

water, inasmuch as the dov rotational speeds and intermittent on/off cycles 
permit the animals to move about their cage and to continue eating and ; 

.drinking. It may also be noted, that the lateral gravitational force involved 
is less that one G, This stress-inducing instrument is thus not a centrifuge 

. / ,rj, « * - - - 

* > * , • 4 * - r*' i - * 

device, but merely a mechanical means for inducing mild spatial disorientation, 
and possibly virtigo or dizziness f with its associated anxiety. 


i ■. * * I 


. M -. r*> 


- - -*-/ * 


Stress-Induced Corticosterone Quantitation . 

The ability of this instrument to induce variable intensities of stress 
is shown in Figure 5 , where plasma corticosterone values are plotted against 

the various rotational speeds. It may be 6een that foliowing the rotation 
of separate groups of mice for 20 minutes at each of the four speeds, that a 
systematic increase in plasma corticosterone was observed (31a,39). Fbr most Btress- 


1005146743 
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*» ‘» 4 * “< * ' 

Figure A . A new programmable 6trese machine. Entire cages of mice are 
slowly rotated at predetermined speeds and for various periods of inter— 
... mittenc rotation and rest. Automatic timers control the rotation/rest 
ratios, which permits the mice to be stressed in their cages without 
depriving them of food or water, or employing physical restraint.' The 
machine can be programmed for any time and periodicity that the experi¬ 
mental design requires. 
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CORTICOSTERONE 




y 




71 



Figure 5 . The rel. 2 ti 0 nsh.ip between speed of rotation (rpm) and the 
resulting corticosterone ia/els in the mouse plasma following 20 minutes 
of cage rotation. It should be noted that the maximum speed employed 
generates less than one G at the maximum radius at the cage comers. 
Thus, this is not a centrifugal-induced stress, but merely a spatial 
disorientation, which produces anxiety with a consequential cortico¬ 
sterone increase, probably via the hypothalamus, pituitary, and ACTH 
pathways, which activate the adrenal cortex. 
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inducing purposes, 'the intermediate speed of 45 rpm has been employed, and 
the animals are usually rotated for 10 minutes followed by a 50-minute rest 
This, or 0tier cycles, can be repeated for any desired period of time by „ 
employing programmed automation, 

Rotational Stress and Cellular-Changes . 

• Figure 6 shows the effect of such programmed rotation on the WBC 
count. It is relevant to note that this stress-induced leucocytopenia 

immediately follows, and is a consequence of the elevated' plasma cortico- 

*, • 

sterone levels induced by the anxiety stress. 





Enhancement of Tumor Growth by Rotational Stress , 

" Figure 7 shows the influence of intermittent rotational stress on the 

subsequent' growth rate of the Gardner lymphosarcoma (6C3HED) in C3H/He mice, - 

In this experiment the tumor-bearing mice were exposed to intermittent 

rotational stress (45 rpm)- for ten minutes out of each hour during the 

» . 

first six days following subcutaneous implantation of the transplantable 
•-lymphosarcoma. A logical interpretation of these observations suggests that 
those animals receiving rotational stress had some elements of their cell- 
mediated immunological competence compromised (3,8.17,37), which permitted this 
sensitive tumor to »rcw at a more rapid rate than occurred in the control 
animals, which possessed the immunological capability to restrain the 
optimal growth of this tumor. Such a stress-induced decrease in immunological 
competence is a natural consequence of the corticosterone elevation induce'd 
by anxiety stress. 
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Tlgure 6 , Lymphocytopenia induced by mild, non-traumatic rotational 
stress at 45 rpm during five 6Q- minute cycles consisting of ten minutes 
rotation followed by 50 minutes rest. An approximate 50 percent 
lymphocytopenia is produced by the end of the second cycle, and is 
maintained throughout the five hours of intermittent stress. Standard 
errors for each point are represented by vertical lines. 
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10 15 20 25 30 35 

Days 


Figure 7 , Stress-associated influences on tumor growth in a host exposed 
to an intermittent course of mild anxiety stress, The stress was induced' 
by slow rotation at 45 rpm for ten minutes out of each hour during the 
first six days following tumor implantation. The tumor was the 6C3KED 
ascites lymphosarcoma inoculated subcutaneously into C3H/He female mice 
about ten weeks old. Food and water were available at all times during 
the course of the experiment. 
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'Effects of Stress on Thvrous*Involution, 

. ■■ " 1 * » ■ — —" ■» 

Figure 8 illustrates and compares the influence of three distinct 
stress factors on the induction of thymus involution. Figure 8a shows the 
effect of the LDlf virus on the. loss of thymus weight as a function of time 
following infection, whereas Pigure 8b indicates that a similar effect can be 

* r 

Induced by the administration of a single dose of dexamethasone. In Figure 8c 

similar effects were obtained by the induction of anxiety stress through 

the slow rotation of mice at 45 rpra. % - * _f v 




Y+<*- x l 


Rotational Stress and Amino Acids * 

'Figure 9 illustrates some of the physiological consequences of a mild 

rotation-induced anxiety stress C31a), as indicated by significant alterations 

in the amino acid profile of the urine of normal mice compared- with analogous 

stressed- animals* Soraecf the more conspicuous changes which may be noted 

.are the decreased concentration of lysine, and in contrast, the elevations 
* • ♦ 

of glutamic acid, alanine,- valine, leucine, tryptophan, phenylalanine, tyrosine, 
and isoleucine* • * 

♦ - ‘ . These observations demonstrate the sensitivity of the collocated, 
concentration-prioritized amino acid profiles for detecting subtle physiological 

* « ■' * V. 

changes (43). Of equal importance, the combined data illustrate the remarkable 
sensitivity of the organism in responding to both its internal and external 
environments. . 

Although there is no direct experimental evidence that the observed 
stress-induced changes in amino acid concentrations are related to the observed' 
tumor growth enhancement, it has been reported that changes in certain amino 
acid' levels have been associated with a reduction of immunological' competence (21 ). 
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Figure 8 * Thymus involution variously-produced by an infectious agent (the 
LDH-virus), a biochemical substance (DMS, a synthetic corticoid), and 
anxiety-stress associated with the disorienting effects of slow rotation 
of an entire cage of mice following their removal from protective storage. 

• (A) The LDH-virus was injected on day 0 into both intact and 
adrenalectomized female BAF mice; as shown by the left-hand panel, the 
thymus involution in the intact mice contrasts with the lack of response of 
the adrenalectomized animals. *. 

(B) The thymus involution produced by a single injection of an insoluble 
suspension of DMS, which was absorbed over an extended period, is shown in 
the middle panel, 

(C) The thymus destruction resulting from stress associated with cage 
rotation at 45 rpn for 10 minutes out of each hour for a 24-hour period is 
shown in the right-land panel. During this mild 6tress period the plasma 
corticosterone was elevated approximately 5-fold. 
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Figure 9 , Amino acid concentration profiles of the urine of mildly stressed 
mice as compared with normal quiescent control animals. The anxiety stress 
was quantitatively induced under highly controlled experimental conditions • 
using a slow-speed rotational device at 45 rpm intermittently for 24 hours. 
The urine was a 24-hour sample collected during the rotation period. The 
rotational intermittence was controlled automatically and was programmed 
for ten minutes rotation and fifty minutes rest each hour. Food and water 
were available at all times during the 24-hour period. The centrifugal 
force of the rotation vas less than one G, which permitted the mice to move 
about their cage at will. 
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Simulated "Stress" by a Synthetic Corticoid . 

Figure 10 provides further experimental evidence concerning the effects 
of stress on neoplastic behavior, In this experiment the neuroendocrine 

*V. *’* 

pathways were intentionally bypassed and physiological "stress" was simulated 

by the iitroduction into the animals of a highly potent synthetic corticoid'. 

* 

In this case, a single injection of fluocinolone acetonide (FCA), which is 
closely related chemically to dexamethasone, was administered at various 
times following transplantation of the Gardner lymphosarcoma. When this 
corticoid was administered seven days following implantation of the tumor, 

\ v 

no tumor regressions occurred, in contrast to 70% regressions observed 
■ in- the untreated control C3H/He mice. However, this corticoid effect was 

systematically diminished when the compound was administered at later times 

v 

in the course of tumor growth. These data may be interpreted as a demon¬ 
stration of the damage inflicted upon the host immunological apparatus by 

glucocorticoids, whether endogenous or administered. The expression of this 
• * 

damage by a decrease in tumor regressions, however, is dependent upon the 
• stage of tumor development at the time of glucocorticoid administration.'. 
a • This is indicated by Figure 11, which shows the tumor growth enhancement 

\r ' 

'resulting from FCA injections at the various times following tumor implant¬ 
ation. In this experiment, maximum tumor growth enhancement occurred 
following FCA administration 7 days after implantation. Lesser effects were 
observed when the compound' was. injected on the fourteenth and twenty-first 
day post-implantation, while the FCA had no effect on tumor growth at 28 days 
after implantation. 


23 


Source: https://www.industrydocuments.ucsf.edu/docs/xtwmOOOO 


1005146752 




70 





Controls Day 7 Day 14 Day 21 Day 28 


Fluocirrolone acetonide (50mg/kg^ 


Figure 10. The influence of a synthetic glucocorticoid in inhibiting the 
regression of established tunors. The 'synthetic glucocorticoid vas 
fluocinolone acetonide (JCA) and vas injected intraperltoneally at a dose 
of 50 mg/hg suspended in physiological 1 saline, at the times indicated 
following tumor implantation. The tumor was the Gardner lymphosarcoma 
C6C3HED') * implanted subcutaneously in the hip of C3H/He female mice. Ten 
mice were used for each group. 
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02 4 6 #jOttW16»20 22 >426»302234 
Days AfUr Tumor ImpUntstkxi 


Figure 11. Different tumor growth rates resulting from the injection of 
a synthetic corticosteroid at various times in respect to tumor implant¬ 
ation. The groups of mice were the same as those shown in Figure 10. 
Those mice receiving FCA on the 28th day post-implantation exhibited a 
tumor growth rate that was indistinguishable from that of the untreated 
tumor-bearing controls. 
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Population Density Experiments . 

It is important for the investigator to know what effects various numbers 
of animals housed.in a standard cage will have upon the results of an experi- 

4C- 

inent. In order to mi.ni.mi 2 e animal fighting, or for other reasons, some 
s 

investigators house their mice or rats one per cage, while others engaged 

in similar studies may have various numbers ranging from two to ten per cage. 

Several publications have described the stressful effects of "cage- .. 

crowding", and- the alleged consequential Influences on the growth or incidence 

of various tumors, or other disease processes, presumedly due to alterations 

* 2 , 

in the immunological competence of the hosts (5,6,13,15 ). .The adverse 
psychosocial effects associated with isolation-rearing in contrast to standard 
rearing have also been reported (1,18-20, 23,24,35). 


We have undertaken experiments to re-examine this question utilizing 

\ 

• \ m 

protective, minimal stress facilities and low-stress handling techniques, 

in order to control a maximum of the_known forms of stress in carrying 
out experiments concerned with various biological processes. Experiments were 
designed to determine the different levels of anxiety stress among mice caged 
in groups of 1, 2, 3, 5, 10, 15, or 20, and held for relatively long periods 
in standard plastic cages/ There were no mice of the opposite sex either in 
the cages or in the immediate vicinity, and thus there were no obvious 
pheromones which could provide uncontrolled stress-inducing circumstances. 


Effects of Population' Density upon Plasma Corticosterone Levels♦ 

It has been established in these studies that various population densities 
of caged female mice do not constitute, in themselves, a basis for "cage 
crowding stress". This was determined- by a failure to detect differential 
levels of plasma corticosterone {CSR} in mice caged either 1, 2, 3, 5, 10, 15, 
or 20 per standard plastic cage. It was expected, however, that quite 

1005146755 
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different effects would be observed when employing competitive male mice 

under analogous experimental circumstances. It was thus surprising to 

observe- that various cage population densities of males also failed to 

demonstrate elevated plasma corticosterone* Figure 12 illustrates the similarity 
* 

of plasma corticosterone levels in male C3H/He~mice when housed in various 
population densities* as compared with females under similar circumstances. 



Effects of Population Density upon Relative Food Consumption * X 

In addiction to the CSR data,* Figure 12 also shows that the differences 
in food consumption observed with females maintained under conditions of 
various population densities* also applies to male mice. These data also 
show an unexpected systematic difference in individual daily £ood consumption, 
which is expressed as.a concave curvilinear function of population density. 
Mouse weight was taken into consideration in the plotting of these data. 

Our interpretation of these observations is that the low-stress 
animal 'facilities, in conjunction with our experimental design, have permitted 
a sensitive quantitative detection of the homeostatic thermal regulatory 
mechanism that controls caloric intake as a function of body temperature 
maintenance requirements, 

* — It is obvious that body heat-loss occurs more rapidly in mice residing 
alone, or in small numbers, as compared vich the loss in high density popula¬ 
tions where huddling and-multiple body contact occurs. Other possible 
explanations for these observations have been considered and experimentally 

# 

examined*; however, the constant body weight data shown in Figure 13 and the 
absence of hierarehlal-imposed weight differences are all consistent with 





the caloric requirement hypothesis. 
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1 2 3 5 * 10 15 20 

Mice Per Case 


' Figure 12 Comparison of the effects of population density upon the food 
•'"consumption and daytime plasma corticosterone levels of male and female alee. 
Food consumption -is plotted per IQ grams of body weight, to correct for body 
weight differences in male and female mice. Food consumption was determined 
by weighing the food 3 times per week; each food consumption point represents 
the mean over a four week period. Corticosterone levels were determined at* 
tlie end of the experiments. Each corticosterone point represents a plasma pool 
from five mice. C3H/He mice were employed. 
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Irrespective of the mechanism, these observations are relevant to the 
experimental design of nutritional, neoplastic, and related experiments in 
which caloric intake is of importance. In this respect, it is' appropriate' 

"V. 

to recall the Influences that have been reported, of varying caloric intakes 

(33,45,46) and- temperature conditions (9,49,50) upon carcinogenic processes* 

; ' - - 

. .... 



Effects of Population Density on Adrenal Weights . /_ 

* * u 

;- - <n** 

. .In contrast to the absence of any influence of cage population density V \ " t ; J .7 

upon plasma,corticosterone, there does seem to be a systematic increase in 

adrenal weight as a function of the number of animals per cage.^ This is 

shown* in Figure 13. We have considered several hypotheses to rationalize 

these findings. One possibility is that changes in adrenal weight under 

these circumstances may be a more sensitive parameter of stress than plasma 
« • 

corticosterone levels. However, based upon previous experiments, this seems ... 

. •s. 

somewhat unlikely. Another possibility .that we have considered is that 
the Increase in adrenal weight is an expression of adrenal medulla 
hyperplasia rather than adrenal cortex hyperplasia. The adrenal cortex is, 

« . > ; m> t ,i. ” 

of.course, the tissue involved" in the production of corticosterone, whereas 
the adrenal medulla is concerned with the production of catecholamines, the 
most conspicuous being epinephrine and norepinephrine. 

Dr. James Henry, a "stress physiologist” at the University of California, 
has evidence that tte stress function can be divided into two separate 
categories, with anxiety-stress being primarily associated' with the adrenal 
cortex, whereas stress involving fright or fury as in fighting animals, or in 
the establishment of social hierarchy, involves the adrenal medulla and its 


30 


Source: https://www.industrydocuments.ucsf.edu/docs/xtwmOOOO 


1005146759 




catecholamines, rather than, or In addition to, the adrenal cortex and 
glucocorticoid elevation Q-0)• Histological examination of the adrenals 
is obviously required, to determine which elements show either cellular 

depletion or tissue hyperplasia. Another possible explanation Is that the 

- ~ t * 

day-time plasma"samples* which were employed do not accurately reflect the 
relative CSR levels at night during the competitive feeding period. 




Effects 'of Population Density upon Tumor Growth . • — • .. 

. ’• » 

A part of tke testing procedure on possible effects of cage crowding, 

included monitoring the animals for tumor incidence, tumor latent periods, 
tymor growth rates, and survival times following the implantation of 
Various transplantable tumors* One of the tumor types that was 
reported to,be responsive to "cage crowding" was a transplantable B-16 
mouse melanoma ( 5» 6 ), 

On day 29, following initiation of a population density experiment 
involving 1, 2, 3, 5, 10, 15 or 20 1 mice per cage, all of the BDF female mice 
that were in the experiment were implanted with the B-1'6 melanoma, Tumor 
'measurements were carried out twice a week in order to determine relative 
'tumor growth, rates, Tumor latent periods were also determined, as well as 
the survival times of the hosts. 

In contrast to the previous reports of Dechambre and Gosse C 5, 6 ), ve 

found that there was no' significant influence on the tumor growth rate, or the 
survival times of the hosts, as a function of the number,of animals per cage. 
Thus, the behavior of this particular tumor was essentially the same in those 
animals that were housed one to a cage as those mice that were housed 20 to 
a cage, as well as in the other intermediate population densities, 
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In contrast to this observation of a lack of effect of cage population 
density upon the B-16 melanoma, Figure 14, nevertheless, shows the effects 
of population density upon the growth of the Gardner 6C3HED lymphosarcoma, 
as indicated by differences in the maximum tumor volumes that were attained 

i 

in the various groups. This illustration also shows the effects of 
population- density upon food consumption prior to tumor implantation. It 
is unclear whether the effects of population density upon the growth of * 

this tumor may be related to the'earlier differences in food consumption, 

* * 
or to the observed differences in adrenal size shown in Figure 13, or 

other factors. 

Effects of Population Density upon Tumor Regressions , 

Since tumor regression is a good index of immune competence, we used 
that parameter as one jneans for determining the optimal population of mice 
per cage in respect to this parameter, -The results of these experiments 
were unexpected. The tumor regression rate of the Gardner 6C3HED lympho¬ 
sarcoma in C3H/He female mice where there was only one animal per cage, was 
60 percent. This was in contrast to other population densities of 2, 3, 5, 

10, 15, or 20 mice per cage, which had an average of 93 percent regressions, 
with a raige of 80 to 100 percent CP < ,001). Thus, based upon ability of 
female mice to reject a tumor challenge, all tested densities of group 
housing were preferable to that of single animal isolation. See Table 1. 

As shown in Table 2 , male C3H/He mice housed one or two per cage had a 
lesser ability to reject the Gardner 6C3HED lymphosarcoma than did those 
housed 3, 5, 10, 15- or 20 per cage. Unlike female mice, male mice housed 2 
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Figure 14 . Effects of population density upon food consumption and 
subsequent maximum tumor volumes in female C3H/He sice. Each food consumption 
point represents the mean of determinations made at 3 or 4 day Intervals during 
the period from' 3 to 36 days following the initiation of the various population 
densities. Subsequently, on day 56 of the experiment, all mice were implanted 
with' the Gardner lymphosarcoma. 
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■ EFFECTS OF POPULATION DENSITY UPON TUMOR REGRESSIONS IN FEMALE MICE 


No. per Cage 
1 

/ 2, 3, 5, TO,' 15, or 20 


a) Tumor regressions :yere determined on day 25 after tumor implantation. 

The Gardner 6C3HED lymphosarcoma vas Implanted into C3R/He female mice, 56 days 
after initiation of the various population densities. 

b) P" value vas determined by the chi square method, comparing the data from 
1 mou^e/cage with the combined data from 2, 3, 5, 10, 15, or 20 per cage. 


Percent Tumor. 
Regressions'’ ' 

601 

93* 


P<.001 


Cb) 








Source: https://www.industrydocuments.ucsf.edu/docs/xtwmOOOO 


1005146763 



TABLE 2. 


EFFECTS OF POPULATION DENSITY UPON TUMOR REGRESSIONS IN MALE MICE 


No. per cage 


Percent tumor regressions 


00 


1 

t 

2 


702 

652- 


1 or 2 

(combined data) 


67.52 


3, 5, 10 , 15, or 19 
(combined data) 


i 


84.62 P<0.01 (b) 


a) .Tumor regressions were determined on Day 25 after tumor implantation. 

The Gardner 6C3HED lymphosarcoma was implanted- into C3H/He male mice, 56 days 
aftdr initiation of the various population densities. 

b) P value .was determined- by the chi square method, comparing the combined 
data from 1 or 2 per cage with the combined data from 3, 5, 10, 15, or 19 
per cage. 
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per cage exhibited no advantage over isolated mice, with, respect to tumor 
growth. It therefore appears that male mice should not be housed one or two 
per cage. However, any number over 2 per cage, up to 20 per cage, yielded' 

*V. 

similar results; no optimum number per cage in this range was exhibited. 

» 

Despite the differences in tumor regressionsthe effects of housing male 
mice 1 or 2 per cage had no observable influence upon daytime plasma 
corticosterone levels. It was noted, however, that male mice housed 2 per 
cage exhibited lower food consumption and somewhat lighter body weights than 
those housed 1 or 3;-per cage. 

These and related data demonstrate the importance of reco.gniaing and 
controlling experimental circumstances that produce stress, and its inevitable 
accompaniment of immunological impairment, which in turn, may alter tumor 
growth rates and subsequent tumor regressions Cll, 22, 40, 41). 
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Effects of Hanging, Wire-Bottom Cages upon the Stress and Health Status of 
Experimental Rodents . 

Most investigators do not have complete control over the animal facilities 

vhich they are required' - to use. for their biological experiments. This may 

not be a serious handicap if the facilities were designed and constructed 

employing the latest state of the art. Regrettably, this is not usually the 

case. ' As an example, some facilities provide expensive metal racks which 

contain hanging, wire-bottom cages for holding rats or mice. Such animal 

.cages are designed primarily for the convenience of animal caretakers since 

the excreted' feces and urine fall through the wire and are periodically 

removed by various expeditious procedures. Unfortunately, both the animal 

inhabitants and caiscientious investigators pay a high price for this convenient 

but unscientific arrangement. The evidence is as follows: 

Female mice housed in wire-bottom cages, mounted within- low-stress 

facilities, exhibited a 10- percent decrease in food- consumption and a 30 

percent decrease in water consumption, as compared with the food- and water 
* ~ % 

consumption of similar mice housed in standard plastic cages containing 
corn-cob bedding. Food and water consumption was measured twice weekly for 
8 weeks. Each experimental group consisted of 50 C3H/Bi female mice housed 
10 per cage. 

As shown in Figure 15, circulating corticosterone was twice as high in 
the plasna cf the mice residing in wire-bottom cages as in analogous mice housed 
in- standard plactic cages with corn-cob bedding. This high hormone level is 
indicative of chronic stress, vhich has far-reaching effects upon the 
physiological state of the animals. This hormonal elevation, in turn, raises 
questions concerning the validity of otherwise carefully designed experiments, 
employing wire-bottom cages for animal housing. 
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Figure 15♦ Comparison- of the effects of hanging wire-bottom cages 
versus plastic cages with bedding upon daytime plasma corticosterone 
levels as found in two strains of female mice. 
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In addition to, or perhaps as a result of the cage-induced stress with 
its various physiological ramifications, there was a substantial difference 
in animal survival. For example, as indicated in Figure 16, at- 14 months of 
age r 64 percent of the mice in the wire-bottom cages were dead. This is in 


comparison with 1$ percent deaths in analogous mice maintained in plastic 
cages with bedding (P < *0001). These death rates are a reflection of the 

i ' 

comparative health status of the two groups* In a separate experiment, & 

statistically significant adrenal enlargement (P < .01) was observed in 

* * % # 

female mice*held in.wire-bottom cages for 50 days as compared to analogous 
mice housed in plastic cages for the same period of time. The^results of 
these and related studies indicate that hanging wire-bottom cages should not 
bemused for serious animal experimentation. 
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figure 16. Comparative deaths In C3H/B1 feaale alee housed in standard 
plastic cages with, bedding, and those housed in' standard hanging wire- 
bottom cages. Each group consisted of 50 nice, housed 10 per cage; 
the observation period for both groups vis 14 noathi. The probability 
value was determined by the chi-square cethod. 
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• J Stress Effects of Proxtaltv to Opposite Sex . We heve demonstreted thee 
_•, nice Chet ere being bled or Injected, or othervlse handled in ways to generate 

anxiety stress, are able to communicate their stress to other mice in the same 
_ . room, as evidenced by the finding of elevated plasma corticosterone levels in 
the untouched animals following such procedures, 

Figure 17 shows the results of a study intended- to provide additional 1 
information, about stress communication among mice. Combinations of cages of 
. _male and female mice were positioned on the shelves of our protective housing 
> facilities, where the air flow was uni-directional and constant along the 
' ’ shelves. 

i * 

These studies, termed "Upwind/Downwind”, were initiated to determine 
** “*whether pheromones play an important role in stress communication in mice, and 
* -*• whether airflow along the shelf pn which the mice were housed was the primary 

* t * i * 

vector in stress communication. The data suggest that air-borne pheromones 

are either not involved, or at least are not the only source of stress 

communication. All of the female mice and many of the male mice showed 
* ** * 

* significant stress-elevated corticosterone levels, and such elevations were 
. .if not always related to being upwind or downwind of mice of the opposite sex, 

■ 1/ Several vertically adjacent housing shelves were used in this experiment and 
.the stress seems to have been communicated, especially in the case of female 
mice responding to the presence of male mice located on vertically adjacent 

W-; ...... • , ■ rV 

yvV" • . _- 

' This work needs to be repeated for verification; also additional experiments 

✓ ' • ’* • «... ^ • 

- of a similar nature should be conducted in which the shelves of mice are 

£ '■"l*, * . * 

physically separated vertically from each other for varying distances- in 

order to further test cne significance w f subsonic, surer-nnic, audible 
sound as the primary factor in stress communication, as compared with pheromones 
(12). The existence of stress communication is extremely important in- the 
conduct of experimental procedures with animals, and in establishing the 
optimal physical design of animal housing facilities. 
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’ * *»-*>. c, _ *.. / > y • \ * — 

. * v- Figure 17 . Plasma corticosterone levels of nice caged with the opposite 

• - * 

...a! v. ,ex compared vith mice caged in proximity to separate uages containing 

'yi< •• % - 

.. * mice of the opposite sex or sexualiy active males and females caged together* 
- Female corticosterone values were obtained from non-prejnant individuals 
only. The "normal quiescent 1 ” levels vere obtained in the complete absence 
of the opposite sex. All mice vere housed 5 per cage in standard plastic 
cages vith corn-aobb bedding. 
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Concentration of Stress Hormone (Corticosterone) In the Blood of Hale and 

Female Mice Housed in Various Proximities to Each Other* Most experimental 

animal facilities house male and female animal's in the same room, frequently 

on the'same shelf, or, for some purposes, in the same cage. While various 

physiological and stressful consequences of caging males and females together 

have been known or suspected, it is essential to have specific qualitative 

and quantitative information on the precise stress status resulting from 

male-female proximity in order to evaluate the changes that may occur 

regarding immunocompetence or other important physiological states. Since an 

* elevated* level of circulating corticosterone in the blood is a reliable 

biochemical reflection of stress, and a useful index for predicting thymus- 

* ^ 

damage, destruction of protective X cell's, and' consequential' impairment of 
immunological competence, ue measured this hormone in both-anale and female 
mice under various conditions of proximity to the opposite sex. . 


«/. ’ * Hale Mice . As shown in Figure 17, mal'a mice housed in- the same cage 

^ ^ ► 

with females exhibited an average*of a 4-fold plasma corticosterone elevation 
T* ; during the early exposure period (days 1 through 11) following the introduction 
..-‘i. 1 . .of females. This increase was in comparison with "quiescent" males that were 
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. housed in a separate unit in the complete absence of females. Males caged 

«+ .I-* 

without females, but in close proximity to other cages holding sexually 

active males and females, exhibited a 3-fold plasma elevation on exposure 

* ■ 

f‘ P days 1 through 7. Such proximity-affected corticosterone levels were compared 

with those of males housed in separate units. By exposure day 25, however, , 
" * ' •- 
-males caged with females, as well as those caged in proximity to sexually 

active males and females, exhibited a drop in corticosterone to approximately 

2 times the quiescent level*. This low level was maintained through exposure 

day 62 in the males housed in separate cages but in proximity to the sexually 

active mice. In sexually intact males housed in the same cage with females. 
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♦the corticosterone level by exposure day 82 was essentially at the quiescent 

f 

level. -7^* •" ' * 

**• * . » • 

Female Mice . Females caged with males exhibited about a 4-fold plasma 

corticosterone elevation on exposure days 1 through 11, while females caged 

seperately but in close proximity to sexually active males and females, also 

shoved about a 5-fold elevation during this initial tine period. By 

exposure day 25 „ both groups of females had maintained a 4 to 5-fold 

^ corticosterone elevation, compared with- quiescent females. However, instead 

, of gradually decreasing with exposure time as did the males, this high 
» ' i* 

corticosterone level continued to increase to a 7-fold elevation by exposure 
day 82* This occurred with the non-pregnant females caged with males as 
* ' well as with those females caged in proximity to cages of sexually active 
males'’and females. 

The most Unexpected finding of the male-female proximity studies was 

that the exciting or disturbing influences of the two sexes upon each other 

, were not* restricted to male-female cage mates*, but also were observed when 

the two sexes were caged separately but in the same vicinity. Initial 

observations tentatively assigned these distant influences to airborne 

pheromones, potent hormone-like sustances that are excreted by insects 
%?' ***'•*,-/ \" * 

and animals as sex attractants. However, the airflow in our animal facilities 

is carefully controlled, providing a unidirectional flew through the enclosed 

' shelves. It is then exhausted to the exterior, so that no pheromor-- 

contaminated air is recirculated following exposure to-the mice and their 

effluents. Since the stress transmissions of the male-female effects were 

about the same both upwind and downwind on the same shelves, as well as 

vertically to the enclosed shelves both above and below the test animals, 

an exclusive effect of pheromone action seems unlikely. This raises the 

t question- of other possible means of stress communication, such as ultrasonic 
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* ’ signals (48), that may be functioning to explain the transmission. Df male- 

,.s , { * 

> ' female exciting influences. Irrespective of the mysteries associated with 

. these observations, it is relevant for investigators to be aware of these 


— - ’im¬ 


potent near and far proximity effects that are capable of altering^various 


physiological parameters, including host imaunocompetence. 
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Corticosterone levels. 


DISCUSSION AND I? IP11 CATIONS 




* *f ;-* 


established that experiments using mouse models for the study of Immunological 
; and neoplastic problems are undoubtedly complicated, and in some cases 
.■/ ( compromised, by the inadvertent and unappreciated stress that is present in 
mice maintained' in conventional housing facilities and handled in the usual 
manner. The anxiety-stress of such mice is readily demonstrated by a deter¬ 
mination of their plasma corticosterone. The quiescent corticosterone level 


^I’.wV of unstressed animals in our protective animal rooms is 0 - 35 ng/ml during 




, •* ' \.th£ morning hours, whereas in'mice housed in conventional 1 animal rooms, the 

plasma corticosterone levels are usually elevated and have been shown to be 

in the range of 150 - 500 ng/ml for those tested. 

.iTr'*'*'* ■*'- 

i'v. t> . ' 

>. u 

h v V ( " Stress-Induced Cellular and Tissue Lysis . 

* , When such-glucocorticoids are present in the blood at concentrations 

vS^ 1 **’** r a ^ ove normal,* they have lytic effect on lymphocytes and upon lymphatic 

*■*'-tissues such as the thymus, nodes and spleen. Since these cellular elements 
Are important components in immunological defense, the potential consequences 
. of their depletion on latent pathological processes seem* obvious. There thus 

■*PKZ- ■ 

cs; *appears to be a logical sequence of biochemical and. cellular events that lead 
-ypir : from stressful stimuli to the enhancement of various pathological processes, ‘ J r 

* . including that of cancer. ** 5"**' 

However, not all neoplastic processes exhibit enhancement following exposure 
of the host to stress, Rapidly growing tumors that are syngeneic with their 
•**" , host have not responded to the moderate stress which has been effective with 


\ 
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* lowly growing tumors that are partially under host control. These cbser- 
vations suggest that stress may have potentiating effects only on those 
malignancies that are usually’under control of the host's defense mechanisms, 

such ss the 6C3HED lymphosarcoma when grown in C3H/He mice. 

l ** ?. *- =- ^ _ 
v r » — „ - _ • 

. Population Density . 

o * * 

^ It is important for the investigator to know the caging conditions 

*'** 'i 

\ that are optimum for his experimental requirements; or, more specifically, 

* * r 

'"to know that effects various numbers of animals per standard cage will have 
- upon the results of an experiment. In order to minimize animal fighting,' 
or other unwanted animal interaction, some investigators house their mice or 
ra'ts one per cage, while other laboratories engaged in similar studies may have 
various numbers, ranging from two to ten, per cage. We have carried out a 
series of experiments^to examine this question in some depth. A useful 
„ approach is to employ an appropriate tumor-host relationship as a sensitive 
means for determining the itmunological status of experimental animals as a 
^function of population density. Since the host-induction of tumor regression 
„ is a good' index of immune competence, that parameter was employed as one of 
several means for determining the optimal cage population. 

' The results of these experiments were unexpected. The tumor regression 
~ rate of the 6C3HEU Gardner lymphosarcoma where there was only one animal per 
- cage was 60 percent. This was in contrast to the other population densities 
of 2, 3, 5, 10, 15, or 20 mice per cage, vhicn. had an average cf 93 percent 
regressions,’.ith a range of 30 to 100 percent (? < .001). Thus, based upon 
host ability to*reject a tumor challenge, all tested densities ot group 
housing were preferable to that of single animal isolation. When the maximum 
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tumor volume attained was employed as an indicator of immunological / 

competence, the gratest 6C3KED tumor growth was observed in the Isolated 
female mice, held' one per cage, while the smallest tumors were found in the 
female mice housed five per cage (P < .005)• However, when the same tumor 
was implanted into male C3R/Ke mice, the greatest tumor growth was observed 
in those housed two per cage, and no clear-cut optimum number per cage, 
in the case of male mice, was determined. It was concluded that both male 
and- female-mice were stressed by isolation, and in addition, male mice 
housed two per cage r exhibited the effects of greater stress. 

^ In-contrast to the results obtained-using the 6C3KED lymphosarcoma,-no 

effects of cage crowding on the B-16 tumor were observed, presumedly because 
of the lack of host immunological'control over this rapidly growing pigmented 


r jggg: 

.^ - j? 


ms 


; - These data demonstrate the importance of recognizing and controlling 
• experimental circumstances that produce*stress and its inevitable accompaniment 
of immunological impairment, which in turn, may alter the growth rate and 
_subsequentAumor regression of sensitive tumors. 


Circulating corticosterone is twice as high in the blood plasma of mice 
residing in wire-bottom cages as in analogous mice housed in standard plastic 
cages with corncob bedding. This high hormone level is indicative of chronic 
stresc, which has readily measurable effects upon the physiological state of 
the animals. These biochemical defects, in turn, raise questions about the — 
validity of otherwise carefully designed experiments. 
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There is also a substantial difference of animal survival in wire- 






bottom cages. For example, at 16 months of age, 66 percent of the mice 

.**•.*** I *■ , M ,i 

v * housed in'wire-bottom cages were dead; this is in comparison with 16 percent 

■. * ^ * *’’***■ '-•*"•* __ 

deaths in analogous mice maintained in plastic cages with bedding. Such 

; .death rates are probably‘a reflection of the comparative health status of the 
,4-A- tw° experimental groups. It is such unappreciated environmental differences 
* 'that cause some of the contradictions among data obtained in various 

_ .t * , 

* -laboratories, The results of these and related studies indicate that hanging 

•Af - • . r. • 

**.* ^*** # vire-bottota cages should not be used for aerious animal experimentation. 

':<t -vr";-”v •, r - 

* . . »v'i« ' _t- ** 

? \ ' * Flasaa Corticosterone in Male and Female Mice ltv Various Proximities to' 

" ^ Each Other . Ifeny experimental animal facilities house male and female animals 
*1 in the same room* frequently on the same shelf, or, for some purposes, in the 
'i ;4 same cage. While various physiological and biochemical consequences of caging 

* ^ males .and females together have been known # or suspected, it is essential to 
z' r : have specific qualitative and quantitative,information on the precise stress 

* ViA status resulting from male-female proximity, la order to evaluate the changes 

• ->-vv“-.- 

that may occur in iamunocompetence or other important physiological states. 

' v* 7 ;- Since the level- of circulating corticosterone in the blood is a useful biochemical 

* measurement of stress, and an index for predicting thymus damage, destruction 
' .*4^’ f* of T cells, and a consequential impairment of immunologicel competence, this 

* A**-, *>* * .. * - .,—. v 

** > ' * . i 

- * V? hormone was measured in both male and female mice under various conditions of 
“ ‘T\ proximity, ~ 
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SUMMARY 




Experimentally or environmentally induced psychosocial stress produces 
*' increased levels of adrenal corticoids through well-known neuroendocrine 

. / pathways involving the cerebral cortex, the hypothalamus, the pituitary, and 
the adrenal cortex. A direct consequence of such stress-induced plasma 
^ corticoid elevation is injury to important elements of the Immunological 
apparatus, which may leave the subject vulnerable to the action of latent 
. oncogenic viruses, newly transformed cancer cells, or other incipient patho- 

* * 

logical' processes -that are normally held in check by an intact immunological 

? * * 

‘ sut-veillande apparatus. **:. ' ... _ 

In order to establish the potential pathological' influence of alterations^in 
. adrenal corticoid levels, we have compared the biochemical and cellular effects 

resulting from experimental and environmental stress with those which occur 
following the imitation of "stress" through the direct administration of natural 
- or synthetic corticoids. Both naturally occurring and chemically induced 
-* ^* elevations of "stress'* hormones produce similar physiological effects. In both 

T " v.. ^ 3- . * _ 

. cases,' there is a lymphocytopenia, as well as a decrease in the weight of 

t **- ^.various immunological organs including the thymus, spleen,'and peripheral lymph 

* ^ ^ , _ _ _ 

* Vj:^:X® 0deS ’ - /..*-* - - . , ^ 

* ~ r ** . The biochemical and physiological 1 details of these processes have been 

-• examined in our laboratories using rodent models, with the expectation that the 

■ biological principles which apply to mice may be relevant in some respects to 

. " • * 

humans. Our attention* is thus’directed to an examination of the adverse 
influences that stress-induced elevated concentrations of circulating adrenal 
corticoids have upon thymus and thymus-dependent T cells, as well as their 
effects upon various neoplastic processes, including those involving viruses 
and transplantable malignant cells. 
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Psychosocial 1 stress can be quantitatively measured by both biochemical 
and cellular parameters, providing that truly quiescent baselines can be 
obtained in the control and experimental animals by the use of appropriate 


. .^' protective housing, modified-handling procedures, and the elimination of 

• . r - »» > “ 

' ’ , common infectious contaminants. 





> rv ;•/ 








(J 





S 


s 

*1 

91 





Source: https://www.in dustrydo cuments.ucsf.e du/d ocs/xtwmOOOO 







* ' * *»“« 

t- **■ 



* 2 * ^ 


' .*» * — 


7T*;.. 

* «-' is. 


r 

*t; v 

*v, /- 


* v. -* r 



tAv- • 




* - "* - 


- ** si_ 


. .i 


7 


.\c : 

t>.' 


# . 

. * 

A ) 






f: •* 






. * ** 

^ V 

• * \*i 


**. h*' 


1 * , 


. *■*' ' r 


*' • V - 

~ - 


/ 



*' 

r . . 

- . 

^ * 

•f. . 

’ . ' 5 

. J . 







2 '*' - ■* 
-aSr-iT 

- *\ 14 7 

*V 

•* 


* * 

p-ft 


-* 


. r~*. 




f _ ;*n£ 

5 ' 

„ 


•.. -,4.;i.."«>.t‘. . , . • 

^ 4; "• - . _*- - *r?:p7- 

. * * . \ *r , 

^ * 

J.~* FUTURE STUDIES 

* ' f*‘; 

The following areas of stress research are logical extensions of our 
current studies. It is traditional, as well as good research economy, to 

follow the most provocative leads produced by recent investigations* 

•Ji.V* ' 


2 ^ 


on the role of the adrenal medulla in stress* These studies will be analogous 
in- some respects to* those that have been' performed on the pituitary-adtenal-thymus 


production of the highly active catecholamines as a consequence of quantitated _ 

V- . 4 ? stress. Such responses shall be compared and hopefully differentiated from 


In terms of the developmental state of our studies, the time is now 


Dr* George Santisteban, using a colony of 54 squirrel monkeys. Efforts will 
be directed toward establishing quantitative values for the most critical' 

* " :parameters associated with stress and quiescence in primates in the same way 

\ - * . 

; that we have for mice. 

*\ a An essential technique that is required for such primate studies is the 
establishment of non-invasive procedures for the quantitative measurement of 
various stress parameters. Examples would be establishing authentic; cortisol 

•*“* levels under both quiescent and moderately stressful environments and circum- 

v ' * . * " .. 

stances. ’ ‘ 

In this connection ; our recent studies with mice have laid the bails for 
measuring a specific stress-associated component in urine. Further development 
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integrated in- 12 and 24 hour urine collections, or other appropriate time 
intervals. ' 




Figure 18 shows a fluorescent chromatograph peak (No. 4) that has been 
found in tne urine of mice subjected to aild anxiety-inducing rotational 
stress. In the anticipation of applying stress studies to primates and» 

_humans* we have carried out preliminary studies to determine whether stress- 
>associated metabolites could be detected in urine, and thus provide a non- 

- invasive and “integrative procedure for measuring stress. Using fluorescence 

1 r. 

•’ analytical* procedures developed originally for the plasma assays, we have 
shown the presence of substantial amounts of fluorescence-positive materials 

- in urine. By employing column chromatographic separation methods, we have 
been able to demonstrate the presence of several fluorescence-positive 
components in afouse urine. Using procedures similar to those employed for 
the chromatography of plasma samples, we have separated four components from- 
24-hour collections of mouse urine, giving the results shown in Figure 18. 

The size of Peak 4 was in- direct proportion to the plasma corticosterone 
level determined at the end of the urine collection period. Peak 4 is 
definitely not corticosterone,.which is not present in mouse urine. This 
peak is probably a metabolite of corticosterone formed in- the liver. We 

* plan to further investigate the correlation of this peak with circadian levels 
of plasma corticosterone measured every 3 or 4 hours, to determine the reli¬ 
ability with which this peak might provide an integrated measure of the stress- 
related corticoid* plasma levels during the 24-hour collection period. 
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* Another lion-invasive technique for measuring the effects of stress employing 






y- V urine is the concentration-prioritized amino acid profile, which was developed 


... 


- cvi‘V. v . in this laboratory. The utility of this technique is demonstrated by Figure 9, 


-T- 5 *''which shows the amino acid changes that occurred in mouse urine following mild 


■•.K'- rotation-induced stress. These changes may be related to the alterations ob- ; r •»{*-: 


-•f 

-V.■ 


C?£ r * w '*•' i * 1 * 1 

.. h- -\f~\ 

served' in corticoid metabolites in the urine following stress. Thus, we are 

V _ . ‘uf . *• «* v *■••*•* » 


t"*sr a V A ,V -a f ,, 


the process of developing, refining, and correlating two separate non-invasive 


i . ,,,v ' 


parameters for the measurement of stress-induced physiological changes, based 

’* - "/ V . ' .‘^1% 

s -..•r-N 1 upon measurements of substances found in the urine. These techniques, with 


J 3;l r\ 


appropriate modifications, can be applied to mice, rats, monkeys, and eventually, ■ 


man. 
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FUTURE STUDIES 


'. It is veil known that multiple neuroendocrine responses occur 
in relation to*:emotional or anxiety stress. For example. In addition 
to plasma cortisol or corticosterone, increases also occur in plasma 
levels of epinephrine, norepinephrine, thyroxine, sex hormones, growth 
hormone, prolactin. Insulin, and undoubtedly many others. In our 
investigations up to this point, for both scientific and practical 
considerations, ve have performed stress studies with a special focus 
on the adrenal cortex system. Because of the encouraging clear-cut 
experimental findings obtained with the protective low-stress housing 
facilities and the application of quantitative techniques, it is now 
appropriate to enlarge our experimental scope, and to extend the present, 
intentionally limited, boundaries by measuring more of the vital 
parameters associated with the complex biochemistry of stress, and its 
multifacdted physiological syndrome, tfe propose to do this by assaying 
other relevant hormones and biochemical substances that may be altered 
under conditions of controlled stress. Some of these components will • 
be associated with the adrenal medulla. 


1 . 


Following are new areas of research that follow logically from 
the experimental base that has been established by our laboratory 
through the application of quantitative biochemical and cellular 
techniques employing mouse models in the study of physiological stress * 

*. * * 

* Stress control- (Prophylaxis/therapy). 

Primate studies. (Squirrel Monkeys). 

: : * Non-invasive sampling techniques. (Detection and quantitation 
of stress-induced metabolites in urine). 

* /’ - ^ * * / 

* Immuno competence and- stress. (Expansion of studies concerning 
the thymus, T cells, B cells, and macrophages). 

* Pathological consequences of stress. (Further examination of 
the effects of stress upon the enhancement of various disease 
processes). 

* Additional parameters. (Increase the number of hormones and 
physiological biochemicals to be monitored). 

* The analysis and synthesis of data obtained from the various 
studies. 

* Utilization of the 30 to 50 amino acids in plasma and urine 
for the characterization of important physiological changes 
that occur in* the free and bound non-protein amino acids. 
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Stress Contrpl: Therapy or.Prophylaxis. 


These studies will be initiated using our established mouse models; -‘i'-Y- 

as significant lead's are obtained they will eventually be applied to • 

primates maintained under low-stress and controlled stress environments. ' ‘ V - ” 

Examples of stress prophylaxis and therapy experiments are as follows: - 

:-.*,**' ♦ - .^ \ 

• .. j • - >s _ . ' * • 

•a) Use of .specific enzyme inhibitors such as metyrapone- (methopyrapone, r 
metopirone), which inhibits corticosterone synthesis by blocking 11-B-hy- 
doxylase. Metyrapone prevents a number of the usual manifestations of ? 

the stress 6yndtome, including adrenal hypertrophy and thymus involution. '• <■ 

b) Administration of various steroids,such as deoxycorticosterone, : y*-Y V "' 

which may prevent some of the adverse effects of stress upon the immune •• ".'tyly . 
system by successfully competing for cell receptor sites required by <?••• . . * 

the stress-induced hormones. Dehydoepiandrosterone (DHEA) is another 
hormone-like compound whose physiological effects upon aging mice make 

it a logical candidate for stress-blocking studies. .. *' i> * - ' 

- - • ..... .-Ji. . '-l-T x'Z-.--A 

c) Vitamin A has been reported to have blocking capabilities, which . vY# ^-rV. 

protect against some of the adverse physiological effects of either • fl*} O'- 

psychosocial stress or the direct administration of adrenal corticoids. •• • -ijr'lel?-- 
• Vitamin A and its retinoid analogs thus deserve a careful examination ‘ . 

and re-evaluation under the controlled and quantitative experimental . »-i ■ • 
conditions that our laboratory can provide. ’ . . 


f --.sr-Vje&iJSf 
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Primate Studies. 


If support and^ resources are adequate, we plan to apply the tech- 
. niques developed for the study of stress in- rodents to non-human primates. 
/ More specifically, it is our intention to study the biochemical and 
cellular consequences of controlled anxiety stress in the Squirrel Monkey. 


-v 

; a.- ‘ 

'•S>. " **• 


r Such studies will be correlated with a parallel development of non- 
.invasive techniques for the detection and quantitation of biochemical 
/elements.associated with psychosocial or anxiety stress. Examples of 
- these techniques include the establishment of a special "metabolic" 
unit that communicates with the regular primate housing cage. The * 
purpose of such an auxiliary unit will be the collection of non-coatam- 
inated urine specimens under low-stress conditions in order to establish 
the quiescent base-line levels of various stress-associated hormones and 
other biochemicals. These quiescent levels may then be compared with 
the anticipated elevated levels associated with the quantitatively con¬ 
trolled induction of stress, and correlated with the levels of plasma 
cortisol. 


Stress and Inrmunoconrpetence . 

Because of the important interrelationship between stress and 
immunological competence, it is also relevant to further increase our 
understanding of the details of this phenomenon. This may be accomplished 
by a more definitive identification of the specific sub-sets of lymphocytes 
that may be either adversely affected by the biochemical changes which 
occur during and following stress responses, or have a conspicuous 
resistance to the physiological changes associated with stress. 
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FUTURE CONTINUATION STUDIES 


To continue studies on establishing authentic concentrations of 
• corticosterone.in the, plasma of normal and stressed animals.- - 
,* •'*■** - * ' - ' 
r • _ -The data shown in the attached Figures demonstrate the fallacy 

of the standard fluorescent assay for cortisol and corticosterone 
since the method incorporates the non-specific fluorogens* Unfor¬ 
tunately , .these contribute significantly to the background values 
of the assay, and it thus does not measure true cortisol or corti¬ 
costerone. . * * "—. 

However, the data of Table 1 and the various related Figures 
-demonstrate that it -is -possible to segregate and to measure the non¬ 
specific -fluorescent peaks; and, of special significance, that 
‘ these peaces represent a constant under a wide variety of experiment- 
-al circumstances.Thus, this non-specific background can be sub¬ 
tracted from* the assay by a 6ingle number; specifically, the 
equivalent of 22 ng/ml of corticosterone. These findings thus 
, permit a significant correction to be made to corticosterone data, 

M which in turn provides a more favorable circumstance for determining 
the true levels of circulating corticosterone in the plasma of 
animals under both quiescent and stressful conditions. 




: 

\ * v 

» • • v- r * 

• -' 

. - ■, ***,'£■■ 


„5V-V ^ Jt 


f .«** «; 


* To continue studies on the correlation of icnknown fluorescent peaks 
' found in the urine of mice, with the. stress-induced elevations of 
’corticosterone in their plasma . 

^-’ } Y ‘ • 

In order to study stress in an objective and effective way, a 
\vnbn-invasive assay has been suggested as the ideal solution by 
■'’* investigators. Our preliminary data demonstrates that there are 
^fluorescence peaks of unknown composition in the urine of mice that 
: : ;*are vejl-correiated with the degree of stress of the animals, and 
with the corresponding low or high levels of corticosterone in 
f* their plasms. This may provide the basis for a means of detecting 
stress without the necessity of bleeding the experimental animals. 

It also provides an integrated indication of the stress which occurs 
on a 24-hour diurnal basis. This is in contrast to the specific 
concentration of corticoids found in the plasma at the moment of any 
■ given bleeding. 

If these findings are confirmed and can be applied to other 
species, including humans, it will provide an experimental means for 
a more versatile testing of both animals and patients for their 
stress status. Since the invasive techniques of venipuncture or 
other distressing procedures are stressful in themselves, the use of 
urine as an assay has obvious advantages. Thus, these findings will 
be pursued, and a determination made regarding their practical 
applications. 


. * > ~ 

.* : 

' ■* *- 


Hi 

' © 

O ' 

CA 

s. ■ 

5 

00 ' 

00 


Source: https://www.industrydocuments.ucsf.edu/docs/xtwmOOOO 









To establish the chemical nature of the No. 4 fluorescence peak 
found in the urine of normal and stressed mice. 

This specific fluorescence peak has been demonstrated to be 
correlated with the changing levels of corticosterone in the plasma 
of normal and stressed mice. Our chromatographic data establishes 
that this peak is not free- corticosterone, and thus must be a 
conjugate or metabolic product of corticosterone. It is thus 
desirable to try to identify this material. Appropriate experiments 
will be undertaken and efforts will be made to establish its nature 
by substituting known.possible candidates, and by submitting the 
peak*fraction to appropriate chemical procedures in an effort to 
return it to its original free corticosterone state. If identifica¬ 
tion is not provided by these simple straightforward procedures, 
additional efforts will be made to establish Its identity by gas 
.chromatography, mass spectrophotometry,, or other appropriate tech- i-b 
niques. _ ' * 

_ * ' . \ .. 

To examine the urine of various species for the presence of m 
fluorescence peaks that may correlate with anxiety or psychosocial 
stress • : .• ~ ‘' '• 


Although the primary experiments in this proposal will employ 
mice, where the findings suggest possible applications to human 
beings, this will be approached experimentally by examining the 
urine of'other species, such as rats, dogs, and primates. These 
experiments will be designed to determine whether there are similar 
fluorescent correlates in- the urine of the various species, and 
whether their concentration is altered as a function of anxiety or 
induced psychosocial stress. In the event that encouraging findings 
are obtained with several non-human species it would then be 
appropriate to consider its application to patients or other indi¬ 
viduals undergoing stress in comparison with the more normal and 
.quiescent subjects. 


% To employ the broad spectrum of free and bound amino acids that 
yare present in the plasma and urine s as a multi-parameter index 
of metabolic alterations that occur cs a consequence of exposure 
to anxiety stress. 


In order to relate stress and associated metabolic changes, it 
is necessary to establish- the relative concentrations of the non- 
protein (free and bound) amino acdds in the plasma, urine, and 
relevant tissues and organs of mice, rats, and possibly primates, 
to serve as reference values for biological stress model studies; 
and to organize such quantitative concentration values into prioritized 
Amino Acid Profiles in order to visually demonstrate any significant 
difference between samples. By the determination of such Amino Acid 
profiles, it is feasible to study the changes which take place in the 
metabolism of these amino acids under the influence of stress-elevated 
plasma levels of corticosteroid- hormones. Such measurements will 
include both high levels of naturally occurring corticosterone conc¬ 
entrations resulting from controlled stress, as well as the stress- 
simulated effects of injected natural and synthetic corticosteroids. 
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7 lucres cent chromatographic peaks found in the urine 
of normal mice compared vith similar animals experiencing 
mild- anxiety-stress, and mice treated vith dexamethasone 
(DMS) which blocks the endogenous production of cortico¬ 
sterone* Thus, this non-invasive technique may be appli¬ 
cable to the study of stress status in various experiment¬ 
al animals, possibly including man. 
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FLUORESCENCE ANALYSIS OF MOUSE URINE COMPARED TO PLASMA 
\ *' 


Experimental 
Conditions 
,of Mice 

i 

Plasma 

Corticosterone; 

End of 24 

Hrs • f p 

W-Assayl 


2 

Urine Assay ; 

W-Assay* 

C-Assay 
Peak 4 

Total Peak Mo. 4 
per house 
per 24 hrs. 

Rotation- 

Stressed 

jr._351 

271 

165 

.. 330 

Normal 

38 

214 

51 

-• 102 . 

DMS-Treated 

30 

171 

4 

8 


1. Whole plasma or whole urine assay, 

> . 

2. 24-hour collections of urines acidified and reconstituted to 2 ml per 
* mouse per 24-hours. 

* 

/ 3. Fluorescence assay after chromatographic separation. 



v All values expressed in ng/ml as corticosterone; urine components 
could be more cr less than the given values depending on their fluorescence 
relative to corticosterone. Mice are BDF or C3H females, 8-12 weeks old. 
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22. Rapid Procedure for Erythrocyte Sedimentation and Hematocrit Studies with Some 
Resulting Distribution Values in Various Healthy and Diseased Populations. 

Vernon Rilev and W. C. Valles 
- Federation Proceedings, 15:152 (1956) 

23. Protective Effect of Melanoma Against the Toxicity of p-Phenylenediamine. 

Vernon Rilev 

Proc. AACR., 2:242 (1957) 

24. Molecular Aspects of Tumor-Host Relationships. 

Vernon Rilev 

J-. Cell, and Gnmp. Physiol., 50:355 (1957) 

24a. Procedimleuto Rapido para Determinar la Velocid&d de Sedimentacion y Valor del 
Heaatocrito. 

Vernon- Rilev . V. C. Valles, Joan Hanlon and Oscar Miro-Quesada 
Revista de la Ccnfederacion Medics Panamcrleans, No. 6, 3:36-37 (1956) 

, * 

24b. The Melanoma as a Model in a Rational Chemotherapy Study. 

VgTrton Kil^y 

Fourth Gonf. Biol, of Normal and Atypical Pigment Cell Growth-, 

University of Texas, M. D. Anderson Hospital and Tumor Inat., 

Texas Medical Center, Houston, Texas (November 1957) 

25- Inhibition- of Transplanted Melanoma with Specific Metabolite Reactants. 

Vernon Ri-lev 

Proc. AACR., 2:339 (1958) 
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26. In Vitro and _In Vivo Reactions between Tumor* Product* and Antitumor Compound*. 
Vernon Riley 

Seventh Inti. Cancer Congress, Royal* Festival Hall, London, Abstract 
of Papers, p, 24 (July 1958) 

' 27- Demonstration of Differences between, Normal and Tumor-Bearing Animala. 

Vernon Rllev 

Proc. Soc. Expel. Biol, and Med. , 97:169-175 (1958) 

28. Synergistic Reaction between p-Phenylenediamlne and Melanoma Components. 

Vernon Rllev 

Proc. Soc. Exptl. Biol, and Med., 98:57-61 (1958) 

29. The Melanoma as a Model in a Rational Chemotherapy Study. 

* Vernon Riley 

Pigment Cell Biology, Academic Press, N.Y., N. Y., pp. 389-438 (1959) 

30. Further Report on:$ome Molecular Aspects of Tumor-Host Relationships. 

Vernon Rllev 

Soc. Genl. Physiol., 52:192 (1958) . 

31. Chromatographic Studies on the Migration of Whole Blood from Polycythemia and 
Leukemia Patients. 

v Vernon Riley and Joan HanTon. 

Proc. Inti. Soc. Hematology, Sixth Inti. Congress, published by 
Crune & Stratton, N.Y., N.Y., pp- 367-368 (1958) 

32- Melanoma Inhibition in Hamsters and Mice by. Ortho, Meta, and Para Fhenylenediamine. 

Vernon Rllev and Joseph G. Fortner 

Surgical Forum, 44th Annual Clinical CongTes* Amer. College of Surgeons, 
Chicago, Abstract of Papers, p. 97 (October 1958) 

33- Melanoma Inhibition in Hamsters and Mice by Ortho, Meta, and Para- 
Pheuy lenediaaine. 

Vernon Ril'ev and* Joseph G. Fortner 
Surgical Forum, 9:641-646 (1959) 

34. Chromatographic Studies on the Migration Behavior of Whole Blood from 
Polycythemia Patient*. 

Vernon Rilev and Allyn B. Ley 

Proc. Inti. Soc, Hematology (1956) Manuscript. 

35. Inhibition*of Experimental Tumors by Orthophenylenediaaine (OFDA). 

Vernon Rilev 

Proc. Soc. Exptl. Biol, and Med., 100:155-158 (1959) 

36. Influence of Orthophenylenediamine (OPDA) e=. Growth and Metabolism of 
Experimental ‘Tumors. 

Vernon Riley, Arthur Levin, Elizabeth Booth and Editha Huerto 
Proc. AACR., 3:56-57 (1959) 

37. Lactic Dehydrogenase Activity in the Plasma of Mice with*Growing or Regressing 
Tumors. 

Vernon* Rllev and Felix Wroblewski 

Proc. Fed, Amer. Soc. Exptl. Biol., 18:310 (1*959) 
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38. Frequency Distribution! of Erythrocyte Sedimentation Rate in Patients vith 

Benign or Malignant Lesion* of Breast or Cervix, £' 1 -* 

Vernon Riley , B. H. Olson and H. B. Abraham* 

Proc. Fed. Amer. Soc. Expel. Biol., 18:502 (1959) 

39. Serum Enzyme Activity as an- Independent Parameter for Screening Anti¬ 
tumor compounds. 

Vernon Rilev and Felix Wroblevaki 
Fed. Clinical Research, 7:296 (1959) 

40. In Vitro and In Vivo Reactions between Tumor Product* and Antitumor 
Compounds. 

~ Vernon Rilev 

ACTA XVI, 735-751 (1960) 

41. Plasma Lactic Dehydrogenase and Tumor Growth. 

Vernon Riley and Felix Wtoblevski 
Proc. AACR., : 3:245 (I960) 

42. Adaptation of Orbital Bleeding Technic to Rapid Serial Blood -Studies. 

Vernon Rilev 

Proc. Soc, Exptl, Biol, and Med., 104:751-734 (I960) 

43. Tumor* as Unique Biological Tools in Basic Biochemical Studie*. 

Vemon Rilev 

Trans.. N. Y. Academy Science, 22:348-364 (1960) 

44. Serial Lactic Dehydrogenase Activity in Plasma of Mice vith Growing or 
Regressing Tumor*. 

Vernon Riley and Felix Wroblevaki * 

Science, 132:151-152 (I960) 

45. Transmissible Agent Associated vith 26 Type* of Experimental Mouse Neoplasms. 

Vernon- Rilev . Frank Lilly, Editha Huerto, David Bardell 
Science, Aug. 26, 132:545-547 (I960) 

46. Chromatography of SE Polyoma Virus Hemagglutinin 

Vernon Rile v end Robert Cramer 
Virology, 14:286-287 (1961) 

47. Some Characteristics of Viruslike Entities Associated with Thirty Varieties 
of Experimental Tumors. 

Vernon Rilev . Editha Hu-rto, Frank Lilly. David Bardell, James D. Loveless 
and Mary Anne Fitzrnaurice 

Proc. Anar. A**oc. Cancer Research, i:261 C1961) , 

48. Virus-Tumor Synergism. 

Vernon Rilev 

Science, 134:666-668 (1961) 

49. Synergistic Glycolytic Activity Associated vith Transmissible Agent* *ud 
Neoplastic Growth. 

Vernon Rilev 

J. General Physiology 45, 3:614A-6l5A (1962) 
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50. 


51'. 


52. 


53. 


54. 


55. 


56. 


57. 


59. 


Synergistic Glycolytic Activity Associated with Transmissible Agents 
and Neoplastic Growth. * - 

Vernon Riley 

In: Control Mechanisms in Respiration and Fermentation, Ronald 
Press, New York, 
pp. 211-241 (1963) ’ 

Enzymanic Determination of Transmissible Replicating Factors Associated' 
with tpuse Tumors. 

Vernon Riley 

Ann. N.Y. Acad. Sci., Ififi:762-789- (1963) 

Influence of LEH-Elevating Viruses on Normal and Tumor Bearing Hosts. 
Vernon ^Riley f Editha Huerto, David Bardell, James D. Loveless 
and Mary Anne Fitzmaurice 

Proc. Amer~ Assoc. Cancer Res., 2 : 354 (1962) 

* ;* 1 

Role of Viruses in Glycolysis of Tumor and Hosts. ‘ * 

Vernon Riley 

Fed. Proc., 21:67 (1962) 

Role of Viruses in- the Biochemical and Pathological Behaviour of Tumor 
|ind Host. 

Vernon Riley . E. Huerto, J.D. Loveless, D 1 * Bardell, M.A. Fitzmaurice 
and C. Forman 

In: ‘VIII International Cancer Congress, Moscow 
Abstracts of Papers, p. 61 (1962) 

Inapparent Transmissible Agents in Oncology and their Influence on 
Tumor and Host. 

Vernon Rilev . Editha Huertoy J.D. Loveless, D. Bardell, 

M. A. Fitzmaurice and C. Forman 

Acta Union Internationale Contre le Cancer XIX:. 

263-270, (1663) 

Transmissible Agents and Anemia of Mouse Cancer. 

Vernon Riley 

N. Y. State J. Med., 63:1523-1531 (1963) 

Studies on the Origin of Elevated Plasma Lactic Dehydrogenase (LDH). 
Vernon Rile*' . Editha Huerto, David Bardell, M.A. Fitzmaurice and 
J.D. Loveless 

Fed. Proc., 22:242 (1963) 

Evidence for a Minute Infectious Entity. 

Vernon Riley 

Proc. Asner. Assoc. Cancer Res., 4:57 (1963) 

Density Gradient Centrifugation and Molecular Sieve Studies of Lactic 
Dehydrogenase Elevating Virus-like Agents. 

Vernon Riley , H.A. Campbell, J.D. Loveless and M.A. Fitzmaurice 
Pfoe. Amer. Assoc. Cancer Res., 5:53 (1964) 
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50. Comparison of a Lactate Dehydrogenase Elevating Viruslike Agent and 
Eoerythrozoon coccoides . 

Vernon' Riley . J.D* Loveless and M.A. Fitzmaurice 
Proc. Soc. Exptl* Biol. Med., 116:486-490 (1964) 

61. Viruses without Symptoms: A Discussion. 

Vernon Riley 

In: Perspectives in Virology IV, Morris Pollard-, Ed. pp. 265-268. 
Harper and Row, New York, (1965) 

• 62. Synergism between a Lactate Dehydrogenase-Elevating Virus and 
Eoerythrozoon coccoides . 

"* Vernon Rilev 

Science, 146:921-923 (1964) 

63. Mechanism of Lactate Dehydrogenase (LDH) Elevation in-Virus-Infected 
Hosts. t 

Vernon Ril£v . J.D. Loveless, M.A. Fitzmaurice and W.M. Siler 
Life Sci., 4:487-507 (1965) 

64* Mechanism of Plasma Enzyme 4 Elevation Observed with Virus Infection- and 
Neoplastic Growth. 

Vernon Riley , M.A. Fitzmaurice, J.D, Loveless, T.G. Xryzak, 
c M.R. Gallagher and W.M* Siler 

Proc. Amer. Assoc. Cancer Res., 6:54 (1965). 

65. Quantitative Evidence for Propagation of the Lactate Dehydrogenase (LDH)- 
Elevating Virus in» Meuse Embryo Cell Cultures. 

H.C. Anderson*, Vernon* Rilev t Philip Wade and Alice E. 24oore 
Proc. Amer. Assoc. Cancer Res.; j6:2 (1965)- 

66. Quantitative Study of the Lactate Dehydrogenase-Elevating Virus in 
Mouse Embryo*Cultures. 

H.C. Anderson, Vernon Rilev , M.A, Fitzmaurice, J.D. Loveless, 

P. Wade and A.E* Moore 

J. Nat. Cancer Inst*, 36:89-55 (1966) 

57. A Discussion of the LDH-Elevating Virus. 

Vernon Rilev 

In.: Viruses of Laboratory Rodents, NCI Monograph 20, pp. 12-15, 
87-92.- Robert Holdenried, Ed. Bethesda, Maryland (1966). 

68. Enzymic, Metabolic, Electron Microscope and Clinical Characteristics of 
a Malignant Blue Nevus. 

Vernon Rilev and George I. Pack 

Vlth International Pigment Cell Conference, snonosred by U.I.C.C.: 
Structure and Control of the Melanocyte; Summaries, pp. 15-1$, 

Sofia (1965) 

65. Enzymic, Metabolic, Electron Microscopic, and Clinical Characteristics 
of a Human Malignant Blue Nevus. 

Vernon Rilev and George T. Pack 

In: Structure and Control of the Melanocyte. 

G. Della Porta and Q-, Muhlbock, Eds. Springer-Verlag, N.Y. 
pp. 184-199 (1966). 
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70. Use of Melanoma in the Search for Exploitable Differences Between 
Normal and Cancer Tissue. 

Vernon> Riley 

Chapter in text-book, Melanoma, Gordon McNeer, Ed. 

Lippincott, New York (Accepted for publication) 

71. The Enzyme-Elevating Viruses. 

Vernon Riley 

Monograph (Accepted for publication) 

72. Le Virus ^levant le Taux de la Deshydrog/nase Lactique. 

Vernon Riley 

Thesis, University of Paris (Sorbonne) (1966) 

' 73. Decrease in "Spontaneous" Mammary Tumor Incidence. 

Vernon Riley , M.A. Fitzmaurice and-J.D. Loveless 
Proc. Amer. Assoc. Cancer Res., 2 ;59 (1966) 

74. Some Enzymatic and Metabolic Characteristics of Malignant Pigmented 
Tissues. 

Vernon Riley ~ 

Abstract for Symposium on the Biology of the-Skin 
U- of Oregon, (Unpublished) (1566) 

75. -Some Enzymatic and Metabolic Characteristics of Malignant Pigmented 
Tissues 

Vernon Riley 

Inc" Advances in Biology of Skin, Vol. 8, pp. 581-612. 

Pergamon Press, New York. William Montagna and Funan Hu, Eds. 
(1967) * * 

76. The Lactate Dehydrogenase'Virus (Riley Virus). 

Vernon Riley 

In: Diseases of Laboratory Animals, R.J. Flynn, Ed. 

(Accepted for publication) 

77. Lactate Dehydrogenase in the Normal and Malignant State in Mice and 
the Influence of a Benign Enzyme-Elevating Virus. 

fernery Riley 

In: Methods in Cancer Research, Vol* IV. pp. 423-618. 

Academic Press, New York, H. Busch. Ed. (1268). 

70. Spontaneous Mammary Tumors: Decrease of Incidence in Mice Infected 
with an Enzyme-Elevating Virus. 

Vernon Riley 

Science^ T££: 1557-1(1256) 

79. Characteristics of the Friend. Leukemic Disease in the Presence and 
Absence of a Benign Enzyme-Elevating (LDH) Virus. 

Vernon Riley, J-.D. Loveless, M.A. Fitzmaurice, I. Smullyan and 
S,W. Fis'cher. 

Proc. Amer. Assoc. Cancer Res., 8:56 (1967). 
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82. 

‘83. 

64. 

85. 

86 . 

87. 

88 . 

89. 

90-. 


Circulating Interferon in Mice Infected with the Lactate Dehydrogenase- 
elevating Virus. 


Vernon Riley and R. Evans 
J. Gen. Virol'. 3:449-452 


(1968). 



Serum Interferon in Mice Infected with the Lactate Dehydrogenase- 
elevating Virus* 

Vernon Riley and- R. Evans 

Proc. Amer. Assoc. Cancer Res. 9_:20 (1968). 


Asparaginase Clearance: Influence of Lactate Dehydrogenase-elevating 
Virus. 

Vernon Riley , H.A. Campbell, and C. Chester Stock 
Proc. Soc. Exptl. Biol, and Med. 133:38-42 (1970). 


Role of the LDH-elevating Virus in Leukaemia Therapy by Asparaginase. 
Vernon Riley 

Nature 220:1245-1246.(1968). V - . 


Asparaginase Therapy: Influence of the LDH-Virus. 
Vernon Rilev 

Proc. Amer. Assoc. Cancer Res. H^:73 (1969). 


Critical Influence of an-Enzyme-Elevating Virus upon Long-Term-Remissions of 
Mouse Leukemia Following Asparaginase Therapy. 

Vernon Rilev , Darrel H. Spackman, and M.A. Fitzmaurice 
Rec. Res. in C. Res. 33:81-101 (1970). 


Possible Mechanisms for Permanent Remission of Leukemia in Mice Treated 
with L-Asparaginase. * *• 

’ Vernon Rilev , Darrel H. Spackman, H.A. Fitznaurice, and C.N. Lulham 
Abstracts, Tenth Inter. 'Cane. Cong. pp. 445-446 (1970). 

Biological Synergism Between the LDH-virus and Eperythrozoon Coccoides: 
Studies on the Mechanism. 

Vernon Rilev , M.A. Fitzmaurice, and George A* Santisteban 
Path.-Biol. 20:743-750 (1972). 

Viruses and Cancer: Facts and Philosophy. 

Vernon Rilev 

12th Inter. Cong, of Pediatrics, Mexico City (1968). 

Asparaginase Therapy in Leukemic Mice: Changes in>Plasma Amino Acids as 
Modified by the LDH Virus. 

V ernon Ril ey, Darrel H. Spackman, and L. Teschner 
Abstracts, Tenth Inter. Carve. Gong. pp. 443-444 (1970). 

Studies in Virus-Tumor Relationships: Responses of the Adrenocortical- 
Thynol'ymphatic Systems to* the LDH-Elevating Virus. 

Vernon Rilev . George A. Santisteban, and Kay Wlllhight 
Abstracts, Tenth Inter. Cane. Cong. p. 302 (1970). 
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STRESS AND CANCER 

' BY DEL ELIZABETH M. WHELAN - 

• Are you under a great deal of stress at work? 


Have you any idea how muchiyou can safely take? 


What S your blood pressure reading? When was the 


last time you had 1 it checked? Far too few of us are 


‘ - aware of the killing toll stress takes. . - . 


S trew 1* widely recog¬ 
nised u a causative 
factor in a number 
of diseases, notably* 
ulcer* and hyperten¬ 
sion But now there is a new 
and dramatic question beinc 
asked: Is stress an important 
lihk la-cancer development'' 
Can the way you handle 
stress (for Instance, stiffing 
your feelings! affect your 
chance of developing thjs 
disease'' Very possibly, ac¬ 
cording to evidenct presented 
at the Third International 
Symposium on-Detection-and 
Prevention of Cancer held 
recently In New York City. 

Right now, medical scien¬ 
tists are looking closely at 
three related questions First, 
what effect may traumatic 
events such as L the loss of a 
loved one cr a huge financial 
loss have on susceptibility to 
cancer 1 Second, is there a * 
"cancer-prone’’ personality— 
a type of person who deals 
with lire stresses in a man¬ 
ner which predisposes him 
ot her to cancer? Third, how 
may the biological changes 
which occur when we are 
under stress affect the ability 
of our body's defense system 
to protect us from cancer- 
causing agents? 

• STRESS AND 


fro day goes by without all 
kinds of stress— driving to 
work, playing tennis* catch¬ 
ing a tram, giving a dinner 
party Even waking up In the 
morning is a form of stress 
which jars our fully relaxed 
bodies Eut the stress of in¬ 
terest 10 a small but growing 
group of' cancer researchers 
is beyond the everyday vari¬ 
ety It is the typ* that leads 
to deep depression, constant 
stomach-churn.r.g anxiety, 
proicr.ged fr~jtr»:.on. 

Tht foci that ur usually 
stressful e\ r-*s cr Utesty*** 
can predispose ui toward d.s- 
ease It well known For in¬ 
stance, many studies have 
shown that air traffic con¬ 
trollers. uho are under con¬ 
stant stress, have a much 
higher rate of high blood 
pressure, stomach ulcers, di¬ 
abetes and other diseases 
than do people lb less de¬ 
manding airline positions. 
Clinicians are constantly im¬ 
pressed by the influence of 
the psyche on susceptibility 


to physical' disease. 

Theories Unking stress and 
cancer have been around for 
g long time. In. the 1*0Q« the 
renowned pbysltian Sir 
James Paget wrote: **The 
cases are frequent in which 
deep anxiety, deferred hope 
and disappointment are 
quickly followed by the 
growth or increase of can¬ 
cer .. .** 

A classic study done during 
the 1869s lent some modem • 
supporting data to that 19th- 
century observation. William- 
A. Greene, a psychiatrist at 
the University of Rochester, 
studied the life history of 
three sets of twins. One twin 
out of each- set developed 
leukemia. He found that 
these three had experienced 
a psychological upheaval 
right before the onset of the 
disease. The three others had 
undergone no similar stress 
Dr. Green concluded that 
psychological trauma might 
well be "a precipitating factor 
in cancer. 

Dr. H. J. F. Baitrusohi a 
researcher from the Interna¬ 
tional Psychosomatic and 
Cross-Cultural Leukemia 
Project in West Germany, 
reported to the cancer sym¬ 
posium on a study of more 
than 8.000 patient* with dif¬ 
ferent types of cancerous 
lesions *Tn the majority of 
patient*." he said. "oUhical 
manifestations of malig¬ 
nancy occurred during a per¬ 
iod of severe and intensive 
life stress frequently involv- 
* ing loss, separation and other 
.bereavements." 


Severe life stress may be Im¬ 
portant in bringing about or 
promoting cancer, and so 
may be the way we handle 
that stress From 194 ff to 1964, 
Dr. Caroline S Thomas 
collected physical and psy¬ 
chological profiles of 1*131 
medical students at Johns 
Kopkms She kept track of 
them by means of yearly 
questionnaires and recorded' 
the cause of death if it oc¬ 
curred Dr Thomas found 
that cancers tended to de¬ 
velop in people who were 
generally quiet, nonaggres- 
slvt and emotionally con¬ 
tained. 

Dr. Ren# C. Mastrovlto. a 
psychiatrist from the De¬ 
partment of- Reurology at 


Memorial Sloan-Ketterlng 
Cancer Center in New York, 
presented at the cancer sym¬ 
posium addihbnal evidence 
of a cancer-prone personal¬ 
ity. In a detailed psychologi¬ 
cal study of women admitted 
for gynecological checkups, 
he found that women with 
cancer were highly controlled 
and conforming, anil less ad- 
venturoua, assertive, com¬ 
petitive and> spontaneous 
than those whose cancer tests 
were negative Dr. Mastro- * 
vito’i observations were bol¬ 
stered by those of Dr. 3 Greer 
from King's College Hospital. 
in-London He reported a sig¬ 
nificant link between breast 
cancer and abnormality in 
the release of emotions, par¬ 
ticularly extreme suppression 
of anger and a bottling up of 
fee Lings. 

But exactly how could the 
stress of emotional trauma— 
-or repression of anger and 
other emotions—affect the 
probability of cancer devel¬ 
opment? What type of biol¬ 
ogy could be Lnvolved? 

• MICE MEN AND CANCER 
Some recenOtnlmal experi- 
ments offer possible answers.. 
Dr. Vernon Riley and his col¬ 
leagues, Dn. Darrel Spack- 
jnan. George Santlsteban and 
Heather McClanahan of the 
Facific Northwest Research 
Foundation In Seattle, have 
demonstrated that stress 
brings about pnyUological 
changes which affect sus- 
ceptjollity to cancer. In ore 
experiment. *hey selected a 
strain of mite which Is highly 
rancer-prone. Under most 
condition*,,80 to 100 per cent 
of these animals develop 
tumors w*«*ln I to IS months 
after birth. But when the re¬ 
searchers put them behind a 
protective barrier, keeping 
them free of the normal lab¬ 
oratory noise and other com¬ 
motion which might generate 
anxiety and stress, only 1 per 
cent developed cancer after 
14 months. 

In another experiment 
with laboratory animals. Dr 
Riley showed that rotating 
them gently on a turntable 
was enough to lead to higher 
cancer rates. 


The stress evidently brlr. 
about significant hormor 
changes which interfere wi 
the animals* immunologic 
defense system against c* 
cer. Are there any lmphe 
turns for humans in Urn r 
search? Dr. Riley and otht 
think there are. 

If we are in good heal 
our "cancer surreliiane 
system la operating effeeth 
!y. Many researchers n« 
fee) that we encounter ca 
cer-causing agents every d. 
but are not affected by the 
because our immune sysu 
rejects them before they c 
begin the cancer growth pr 
cess. 

If we follow the sax 
stress response pattern 
animals (and so far we ht 
no reason to believe that ; 
dbnn), it appears that he* 
or prolonged stress can 1 
ter fere with that surveillar 
system. Our adrenal and 1 
tuitiry glands produ 
ACTH, cortisone and otf 
hormones which stlmuJ. 
certain body reactions. So* 
of these stress-lnduc 
chemical changes proba* 
cause no ill tffecta—the bo 
ctill goes on lighting off e: 
cinogens. But If the systc 
• gets overloaded there may 
serious trouble. Indeed, t 
cesslre amounts of those p<: 
feetly natural pnyslologji : 
changes which accompc 
stre^» may damage our 1‘ 
munclogtcal apparatus to t 
extent that we are left v*J 
Herat!e. It may be for onljj 
very short period of time, t 
even th*t period- may 
crucial. 

^STRES/S. O.NCg R 

If stress does predispose 
to cancer, what ar« wt gol 
to do about it? Research* 
are now taking a close 1c 
at those alterations In t 
cancer-resistance systi 
that may to Induced 
stress, with the hope of co> 
ihg up *Uh some type 
blocking agent which wot 
keep the body on an ev 
hormonal keel despite t 
aggravating external*ever 
Ideally, such blocking ag« 
(CONTINUED ON fACt l 


“Severe life stress may ba important in brlngicj 
about a cancer, and so may be the way we hand 
that stress." I 
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’* '•would keep our defense system 
/ in continuous working cider so 
that cancer-causing agents *?e 
J thwarted—in a continuous, unin¬ 
terrupted manner. 

Another approach is psycho¬ 
logical screening techniques to 
identity high-risk patients before 
a cancer actually develops. Drs. 
Claus and Marjorie Bahnson, a 
husband-wife psychology team at 
the Eastern Pennsylvania Psychi¬ 
atric* Institute, have developed a 
questionnaire which covers topics 
such as loss and reactions to loss of 
close relatives, stress and recent 
life changes, personality character¬ 
istics and means of handling stress. 
They feel this research-diagnostic 
tool can help identify potential 
cancer victims early, in time for 
prevention or effective treatment. 

In the meantime, Dr. Riley and 
others feel we can act on the 
knowledge collected to date. Per¬ 
haps there is indeed something 
therapeutic—and advantageous for 
the maintenance of our disease- 
surveillance mecharnsm—about 
ventilating feelings, instead of 
keeping them all inside. 

We could also leam something 
from the Mormons and Seventh 
Day Adventists—two groups with 
unusually low incidences of career. 


True, most neither smoke nor drink 
and may eat differently from the 
rest of us. But cancers that have 
nothing to do with smoking, drink¬ 
ing or eating are also low. Does h 
have something to do with their 
attitude toward -life—their more 
serene outlook? 

“Could be,* says Dr. Riley. 
“They have closer family re¬ 
lationships, too—and generally less 
external stress. All we know is that 
if you want to minimize your 
chances of cancer, give up cigar¬ 
ettes, eat less fatty food, keep thin 
—and live the most serene lifestyle 
circumstances permit.* 

He adds, "I know that’s a big 
order. But we are learning more 
and more about the possible link 
between stress and cancer. It’s get¬ 
ting to be a very exciting field." 

Dr. Riley is obviously enthusi¬ 
astic about his research—but he is 
also quite relaxed. 


m Ton’s mote: Dr, Elisabeth M. 
Whelan is the co-author, with Dr. 
Fredrick J. Stare of Panic in the 
Pantry (Atheneum) and author of 
A SabyT May be; A Guide to 
Making the Most Fateful Decision 
of Your Life (Bobbs-Merrill). She 
is currently working on a book on 
cancer and the environment 
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